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SECTION  I 
INTRODUCTION 


This  report  describes  the  concept  of  a 25mm  Ammunition  Storage  and  Feed 
System  designed  to  be  compatible  with  the  F-15  aircraft  and  a high  rate 
of  fire  rotating  barrel  gun. 

Section  II,  supplemented  by  Appendices  A,  B,  and  C,  gives  a functional 
description  of  the  system  and  its  operation.  The  manner  in  which  the 
system  design  accommodate'  the  interfaces  with  Airframe,  Weapon,  Power 
Distribution,  and  Control  Is  included  in  the  descriptions. 

Section  III,  supported  by  Appendices  D and  E,  describes  the  characteristics 
of  the  system  as  developed  by  analysis  of  the  design. 

The  basic  characteristics  of  the  Storage  and  Feed  System  are  given  in 
Table  1. 
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TABLE  1.  25MM  STORAGE/FEED  SYSTEM  CHARACTERISTICS 


Storage  Container  • Rectangular  Box 

• Power  Operated 

• Dual  Bays 

• Recirculating  Conveyors 

Storage  Container  Size  • 48.5  x 22.5  x 28.6  Inches 

Trans fer/Feed  Mechanism  • Dual  Pitch  Expanders 

• Multiple  Conveyor  Carriers 

• Buckets  Cam  Positioned 

• Flexible  Conveyor,  >Jhute 
For  Gun  Motions 

Ammunition  Capacity  #694  Rcunds 

Ammunition  Feed  Rate  • Gun  Demand  Includes 

Any  Rate  Up  to  6000  Round/Min 

Time  to  6000  SPM  Rate  • Common  Drive  Accelerates 

or  Stops  Weapon  and 
Storage  Container  at 
Same  Rate  in  0.4  Second 

Time  to  First  Round  • System  Reversible  to 

Align  First  Cleared  Round 
with  First  Safe  Round 
Position  in  Gun 

Method  of  Powering  • External  Power  Drive 

on  Gun  or  Aircraft 

Operating  Power  • 29.6  HP,  6000  SPM  Steady  Rate 

40.9  HP,  Peak  Acceleration 
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SECTION  II 


FUNCTIONAL  DESCRIPTION 


SYSTEM  DESCRIPTION 


The  system  described  in  this  report  is  designed  to  be  utilized  on  an  ad- 
vanced air  superiority  fighter  to  feed  and  store  25mm  linkless  ammunition. 
This  system  was  selected  for  two  reasons.  First,  the  system  offers  the 
maximum  utilization  of  the  available  volume  for  round  storage  and,  secondly, 
significantly  reduces  the  power  required  to  achieve  and  hold  firing  rate. 
Because  of  the  size  of  the  round  and  volume  limitations  within  the  aircraft 
envelope,  only  rectangular  configurations  were  considered.  The  feed  and 
storage  system  consists  of  three  primary  components  (Figure  1): 


25mm  Linear  Linkless  Magazine 
Pitch  Expander /Combining  Unit 
Weapon  Interface  Unit 


The  magazine  consists  of  two  storage  bays  operating  in  parallel,  with  each 
bay  functioning  at  one-half  gun  rate.  The  ammunition  within  each  bay  is 
carried  within  and  cradled  by  conveyor  elements.  This  arrangement  provides 
maximum  protection  of  the  round  cases  and  avoids,  wherever  possible,  rubbing 
of  the  rounds  along  guide  surfaces.  All  loads  required  to  handle  the  rounds 
within  the  magazine  are  imposed  first  on  the  conveyor  elements  and  only  in- 
directly upon  the  rounds  themselves.  Wherever  possible,  the  conveyor  ele- 
ments are  folded  accordion  style  for  increased  capacity  and  to  further  re- 
duce velocity  and  accelerations  imposed  upon  the  rounds. 


The  Pitch  Expander /Combining  Unit  attaches  to  the  upper  right-hand  corner 
of  the  magazine.  The  Pitch  Expander  extracts  the  rounds  from  the  magazine 
conveyor  elements,  expands  their  pitch,  and  places  the  rounds  into  buckets 
carried  in  the  combining  portion  of  this  unit.  The  rounds  from  each  of  the 
magazine  bays  are  placed  in  alternate  buckets  which  are  then  cammed  toward 
the  centerline  of  the  combining  unit  as  it  is  rotated. 


The  Weapon  Interface  Unit  consists  of  a magazine  turnaround  unit,  a weapon 
interface  conveyor  housed  in  flexible  chutes,  and  a weapon  turnaround  unit, 
After  the  rounds  are  cammed  into  a common  path,  they  are  picked  off  by  the 
lower  transfer  sprocket  in  the  magazine  turnaround  unit  and  inserted  into 
the  weapon  interface  conveyor  elements. 


The  rounds  are  cammed  out  of  these  conveyor  elements  as  they  pass  over  the 
drive  sprocket  in  the  Weapon  Turnaround  Unit  for  hand-off  to  the  lower  weapon 
transfer  sprocket  for  insertion  into  the  barrel  group  (Figure  2) . 


Fired  cases  are  removed  from  the  barrel  group  by  the  upper  weapon  transfer 
sprocket.  This  sprocket  reinserts  the  cases  back  into  the  Weapon  Interface 
Conveyor  at  the  drive  sprocket  for  restowage  in  the  magazine. 


The  sections  which  follow  describe  these  components  in  detail. 
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25MM  LINEAR 
LINKLESS  MAGAZINE 


PITCH  EXPANDER/ 
COMBINING  UNIT 


WEAPON 

INTERFACE 

UNIT 


TO  WEAPON 


Figure  1.  25mm  Linear  Linkless  Storage  and  Feed  System 
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Figure  2.  Ammunition  Flow 
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2.2  SYSTEM  IMPROVEMENTS 


2 • 2 • 1 MAGAZINE  IMPROVEMENTS 


^LsTable  3>  ^ ^ reconfi8ured  t0  achieve  significant  advan- 
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Increased  reliability  has  been  achieved  by  alternately  extendi™  rh 
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isibility  mto  the  magazine  has  been  improved  by  the  addition  of  r u 
access  panels  on  the  sides  of  both  magazine  bavs  In  1 of  removable 
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viewing  of  the  lol £ “ l s ZZ?  ?' PeI"itS 
disturbing  the  magazine  i ! f ro  f°lded  State  with°ut  structurally 

quired.  magazine  itself,  resulting  in  reduced  maintenance  time  re- 
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PITCH  EXPANDER/COMBINING  UNIT  IMPROVEMENTS 


8)  haS  been  desl«"ed  “ thieve 

compared  Co  those  mechanisms  Is  5°  °per8tl°“  ««  reliabiilty  when 

describe.,  in  Emerson  Report  No.  NB-4833-014-1. 


Initially,  it  should  be  stated  that  a significant 
achieved  with  the  present  design  due  to  the  fact 
pander  and  Combiner  Mechanisms  have  been  packaged 
caa,he,r  ^han.  ln  5WO  distinct  housings.  Primarily, 
auired  / ihi  elJminatlon  of  mounting  provisions  i 
s?™?  u j°  n these  two  units  together.  In  add! 

ngle  housing  eliminates  the  need  for  external  t 
the  two  mechanisms. 


: weight  reduction  has  been 
that  both  the  Pitch  Ex- 
l within  a common  housing 
this  weight  reduction  is 
that  were  previously  re- 
tion,  the  utilization  of  a 
iming  provisions  between 
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at  the  Sprocket. 


GEAR  BOX 


CONVEYOR  ELEMENT 
INNER  GUIDE  TRACK 


BOTTOM  COVER 


This  change  was  facilitated  by  the  replacement  of  the  previously  specified 
standard  roller  drive  chain  with  that  of  a special  articulated  one,  thus 
permitting  a greater  design  latitude  in  the  attachment  and  sizing  of  these 
items.  This  greater  design  flexibility  has  permitted  each  crossbar  to 
achieve  a significant  increase  in  stiffness  as  compared  to  that  of  the 
previous  concept  by  the  maximization  of  its  sectional  properties  (El)  . In 
addition,  each  crossbar  has  incorporated  positive  control  features  which 
effectively  improve  the  guidance  and  support  of  each  of  the  carrier  elements. 

As  was  previously  mentioned,  the  present  design  utilizes  a special  articu- 
lated drive  chain.  This  chain  design  which  is  comprised  of  a series  of  sup- 
port and  connecting  links  has  a 1.00-inch  pitch  rather  than  the  2.00-inch 
pitch  associated  with  the  standard  roller  chain.  The  utilization  of  this 
reduced  spacing  tends  to  minimize  "chain  hop"  and  thus  provides  for  a 
smoother  transition  of  the  chain  and  round  carriers  as  they  travel  from  a 
straight  to  a curvilinear  path  at  the  sprockets.  In  addition,  this  reduced 
pitch  contributes  to  a significant  reduction  in  shock  loads  and  its  asso- 
ciated power  consumption  at  the  sprockets.  Besides  the  reduced  spacing,  the 
present  drive  chain  concept  has  incorporated  extended  cam  followers  which 
are  positioned  and  contained  in  a continuous  cam  track  on  the  outboard  side 
of  these  chains.  These  cam  followers  together  with  its  cam  track  not  only 
form  an  effective  horizontal  support  for  each  of  the  associated  crossbars, 
but  also  aids  in  the  establishment  of  the  previously  mentioned  transitional 
drive  chain  path. 

In  the  present  design  configuration,  the  pitch  line  of  the  drive  chain  and 
the  rounds  have  been  positioned  on  the  same  horizontal  centerline.  This 
change  was  initiated  so  that  the  rounds  would  undergo  only  minimal  acceler- 
ations and  decelerations  as  they  are  led  on  and  off  of  sprockets.  In  other 
words,  the  present  design  insures  that  the  linear  velocity  of  the  round  in 
the  straight  is  equivalent  to  the  tangential  velocity  of  round  ir.  a 
curvilinear  path  at  the  sprocket.  The  end  result  of  this  change  is  that 
power  consumption  is  minimized. 

2.3  SYSTEM  DESIGN 

2.3.1  MAGAZINE 

The  magazine  (Figure  3)  is  a dual  bay  magazine,  utilizing  maximum  aircraft 
bay  volume,  with  a storage  capacity  of  646  rounds  of  25mm  ammunition,  323 
rounds  per  bay,  and  provides  for  ammunition  feed  at  a selectable  weapon 
demand  rate. 

The  magazine  permits  restowage  of  all  fired  cases  and  unfired  rounds  re- 
turned by  the  pitch  expander/combining  unit  from  the  weapon,  and  is  com- 
pletely reversible  for  round  repositioning  at  burst  termination  and  during 
the  reloading  cycle.  The  magazine  is  capable  of  being  operated  completely 
filled,  partially  filled  or  in  an  empty  state.  A closed  loop  linked  con- 
veyor system  is  contained  in  each  magazine  bay  (Figure  4).  The  conveyor 
elements  position  and  carry  the  rounds  minimizing  actual  round  contact  with 
guide  surfaces  or  folding  sprockets.  The  conveyor  routing,  throughout  each 
bay,  consists  primarily  of  a series  of  vertical  loops,  folded  accordion 
style,  terminated  at  each  end  by  a six-cavity  sprocket  which  unfolds  the 
conveyor  elements,  reverses  the  direction  of  motion  and  refolds  the  belt. 

The  conveyor  belt  path  at  the  forward  feed  end  and  bottom  of  the  magazine 
bay  is  straight  line  with  the  conveyor  elenents  extended  at  their  normal 
pitch  of  1.875  inches.  At  the  forward  feed  end  of  the  magazine  bay,  five 
cavity  sprockets  terminate  the  straight  line  conveyor  path. 
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ENVELOPE 


Figure  4.  Storage  Design 
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Utilization  of  the  accordion  folding  technique  increases  the  number  of 
rounds  per  unit  volume  by  40  percent  insuring  high  storage  density  and 
reduces  the  conveyor  belt  velocity  by  50  percent  of  that  for  an  extended 
belt  (Figure  5). 

With  a weapon  demand  rate  of  6000  SPM,  using  the  dual  bay  magazine,  each 
bay  is  required  to  supply  3000  SPM  to  the  weapon. 

The  extended  conveyor  belt  velocity  is  93.75  inches/second 

p = 1.875  inch  Conveyor  Pitch,  SPM  = 3000 

v - SPM(P)  _ 3000(1.875)  

60  Sec/Min  60 93.75  inches/second 

The  accordion  folded  belt  velocity  is  46.88  inches/second 

p = 0.9375  inch  Equivalent  Conveyor  Pitch;  SPM  = 3000 

_ SPM(P)  _ 3000 ( . 9375) 

60  Sec/Min  “ 60  =46.88  inches /second 

The  conveyor  elements  are  pinned  together,  with  one  pin  on  each  element 
being  an  extended  guide  pin.  The  extended  guide  pins  alternate  on  each 
end  of  every  other  conveyor  element.  These  guide  pins  follow  two  separate 
closed  loop  guide  tracks  (see  figure  3)  in  each  magazine  bay,  one  track 
mounted  to  the  center  bay  divider  and  one  track  mounted  to  the  outer  bay 
cover.  These  two  guide  tracks  together  form  a complete  and  positive  con- 
veyor guide  path  throughout  each  magazine  bay. 

The  throat  geometry  of  the  guide  tracks  at  each  folding  sprocket  (Figure  6) 
has  been  established  by  a computer  program  (see  Appendix  A)  to  assure  smooth 
folding  and  unfolding  of  the  conveyor  elements  and  to  minimize  chain  hop 
effects  of  the  conveyor  elements  while  on  the  sprockets. 

The  use  of  the  guide  pin  and  track  design  greatly  increases  the  magazine 
reliability  by  completely  eliminating  dependency  on  the  toggle  effect  of  the 
conveyor  elements  themselves  to  maintain  their  respective  folded  ar.d  un- 
folded positions  during  magazine  operation. 

To  aid  *n  the  foxing  and  unfolding  process,  push  rods  (see  Figure  3)  are 
strategically  located  laterally  between  each  conveyor  element  in  the  folded 
state.  These  push  rods  are  fixed  at  their  ends  to  closed  loop  chains 
located  between  each  vertical  folded  loop  in  the  magazine  bays.  The  chain 
and  push  rod  units  are  powered  by  gear  takeoffs  in  the  upper  and  lower  gaar- 
boxes.  The  push  rod  drive  shafts  are  common  tc  both  bays  and  extend  the 
full  width  of  the  magazine.  The  rods  effectively  push  the  folded  conveyor 
belt  througn  each  vertical  loop  to  the  folding  sprockets  achieving  a con- 
stant conveyor  velocity  in  the  vertical  loops.  This  reduces  friction  be- 
tween the  guide  surfaces  and  the  conveyor  elements  and  lowers  the  forces 
exertea  on  the  folding  sprockets  which  reduces  wear  and  power  requirements. 

fhe  pitch  spacing  of  the  conveyor  element,  1.875  inches,  dictated  the  chain 
pitch  which  could  be  used  Number  35  chain  was  selected  based  upon  its 
pitch  of  0.375  inch,  and  a push  rod  is  positioned  at  every  fifth  pin  joint. 
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Figure  5.  Folded  Belt  Geometry 


This  chain  has  an  ultimate  tensile  strength  of  2100  pounds  but  is  loaded  to 
only  90  pounds  at  7.5  g's  inertial  load.  This  represents  an  effective 
derating  of  95  percent.  Operating  the  chains  at  these  low  load  levels  will 
assure  long  trouble-free  life. 

Vertical  extruded  guides,  mounted  on  the  center  divider  panel  and  outer 
cover  of  each  magazine  bay,  are  located  between  the  folded  loops  to  provide 
support  tracks  for  the  push  rod  chains  and  side  guidance  for  the  folded 
conveyor  elements.  Openings  have  been  provided  near  the  top  of  both 
magazine  bays  for  the  exit  of  rounds  to  the  pitch  expander/combining  unit 
and  for  the  re-entry  of  cases  and  unfired  rounds  from  this  unit. 

On  weapon  demand,  movement  of  the  magazine  conveyor  belts  is  initiated 
causing  live  rounds  to  be  simultaneously  cammed  out  of  their  respective 
conveyor  elements  by  exit  guide  fingers  located  in  the  magazine  opening 
areas,  where  they  are  picked  up  by  the  expander  sprockets  in  pitch  expander/ 
combining  unit. 

As  the  empty  conveyor  elements  proceed  slightly  further,  re-entry  guide 
fingers  cam  either  empty  cases  or  unfired  rounds  from  the  expander  sprockets 
into  these  empty  conveyor  elements  for  restowage  in  their  respective  magazine 
bays . 

Locating  fittings  for  mating  the  pitch  expander/combining  unit  to  the  maga- 
zine are  mounted  outboard  on  the  magazine  at  the  upper  and  lower  extremes 
of  these  openings.  The  lower  fittings  are  slotted  to  accept  external  close 
tolerance  pins  on  the  pitch  expander/ combining  unit  while  the  upper  fittings 
have  close  tolerance  holes  to  accept  pip  pins  for  quick  removal  of  the  two 
units.  The  pitch  expander /combining  unit  fittings  when  mated  with  the 
magazine  fittings  also  provide  for  the  proper  lateral  positioning  of  these 
two  units. 

In  order  to  provide  compatibility  between  the  magazine  and  pitch  expander/ 
combining  unit  network  conveyor,  the  conveyor  belts  in  each  magazine  bay 
are  precisely  one-half  round  pitch  out  of  alignment  with  respect  to  each 
other.  Loading  and  downloading  of  the  system  is  accomplished  through 
utilization  of  AGE  equipment,  mounted  to  an  access  port  in  the  bottom  of 
the  magazine,  with  the  complete  feed  system  remaining  intact  in  the  air- 
craft*  The  AGE  essentially  consists  of  a multiple  sprocket  arrangement 
driven  from  the  magazine  spur  gear  located  at  W.L.  98.152  and  B.L.  11.699, 
causing  a simultaneous  exit  of  empty  cases  or  unfired  rounds  and  entry  of’ 
new  live  rounds. 

This  arrangement  requires  no  additional  access  to  insure  that  the  lead 
rounds  enter  the  system  sprockets  and  guides  correctly. 


^•3.2  MAGAZINE  DRIVE  SYSTEM 


r»e  magazine  drive  system  (Figure  7)  la  made  up  of  the  following  oomponenta: 


• Drive  gear 


• Upper  gear  box 


Lower  gear  box 


. Bevel  gear  set  connecting  upper  and  lower  gear  boxes. 


arh:p"r8geZardJived:1Ven  fr°m  ““  ^ -P^er/combiniag  unit  by  means  of 


Tw1-  — 


bevel  pinion  "shaft , ^one°pinion 'meshing  double 

veyor  spiocket  drive  shaft  and  thP  n«-h  ^ * bevel  gear  on  f.he  upper  con- 
veyor sprocket  drive  shaft  UMli?-  ^ pi?lon  meshing  with  the  lower  con- 
sprockets  rather  than  chains  mi  i ■ lng  s*"arin8  to  Power  all  conveyor  drive 
Backlash  is  of  pa^cuJar ""cerf JT  bactlaSh  bet”een  the  ^rockets? 

running  in  the  extended rat^r^an  riLPrH<:'!etL"here  tb<!  la 

across  the  bottom  of  the  magazine  frelnaH  & con^i8uration • This  occurs 
(pitch  expander  interfaced  8 f . 1 area^  and  alonS  the  right  side 

areas  w„„L  allo^the "™yor ToTt\  " “ »« 

mission  of  power  through  the  ? redundant  load  path.  The  trans- 

“KiliF Lr r--d~.i\scire 

powering^he  push  rod  drive  shafts  lo^eTatl. “ ’ ** 


gear  reductionlTcTable1"8  ^ J>'  ln  J”*?  8<!ar  boxes  “lth  Pr°per 

deceleration  of  all  conviyo"  ejemen  s S Sl"’ulta"e°“s  acceleration  and 

all  conveyor  and  push  ro/drive  shafts  is  A ‘Tt'  Proper  rotation  of 
gears.  e sl,atts  ls  achieved  through  the  use  of  idler 


^aKe?S  th^  ^--/dvider  Panel  in  the 

timing  of  the  conveyor  elements  betwefnlhe  Jotays . 'nalntalnin8  Proper 


of  comparably  hea-oy'^haln1^ Trive lnS  ll8htKel8ht  drive  gears  in  place 
timing  problems  associated  with  chain'd?? v”8  reduces  weight  and  minimizes 
°f  ^ — h “d  ^‘..Problems 


TABLE  4.  MAGAZINE  GEAR  SYSTEM 


! 
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gear-driven  sprockets.  The  only  chains  utilized  in  the  current  design 
are  those  powering  the  push  rods  and  these  are  operated  at  loads  less 
than  5 percent  of  their  ultimate  capability. 

External  timing,  between  the  magazine  and  pitch  expander /combining  unit  at 
assembly  or  disassembly  in  the  field,  is  reduced  to  one  point  which  occurs 
at  the  power  drive  gear  mesh.  Timing  provisions  are  incorporated  at  this 
point  such  that  the  units  cannot  be  mated  without  proper  timing  having 
been  achieved. 

2.3.3  MAGAZINE  CONSTRUCTION 

The  basic  magazine  construction  consists  primarily  of  aluminum  sheets  rein- 
forced with  right-angle  extrusions.  The  magazine  utilizes  a hard  back  center 
as  the  primary  structure.  The  hard  back  consists  of  the  center  shear  web, 
also  serving  as  the  ammunition  bay  divider,  to  which  the  upper  and  lower 
power  drive  gear  boxes  are  attached. 

The  gear  boxes  run  the  full  width  of  the  center  shear  web,  providing  lateral 
rigidity  and  pickup  aluminum  right  angle  extrusions,  riveted  back-to-back  at 
the  sides  and  bottom  of  the  center  shear  web.  The  upper  magazine  contour 
is  formed  by  the  power  drive  gear  box  which  also  mounts  the  magazine  hoist 
fitting. 

The  magazine  top  cover  consists  of  a formed  aluminum  sheet,  with  right-angle 
extrusions  riveted  to  the  outer  edges  providing  stiffness,  and  is  attached 
by  fasteners  to  the  upper  gear  box. 

Vertical  extruded  guide  sections  are  mounted  to  the  center  shear  web  pro- 
viding continuity  between  the  gear  boxes.  These  guides  control  the  con- 
veyor in  its  folded  configuration  and  provide  running  spaces  for  the  push 
rod  drive  chains.  The  guides  are  secured  with  screws  and  plate  nuts  pro- 
viding for  easy  removal  in  the  event  of  guide  damage. 

Individual  steel  folding  sprocket  throat  guides  are  piloted  to  their  corres- 
ponding gear  box  bearing  bores  and  are  attached  to  the  gear  boxes  and  cen- 
ter shear  web  by  means  of  fasteners.  The  use  of  individual  guides  reduces 
weight,  provides  for  easier  assembly,  and  minimizes  maintenance  time  re- 
quired in  the  event  of  guide  damage.  The  repetitive  use  of  individual  guides 
permits  economy  of  fabrication  due  to  both  size  and  quantity.  The  magazine 
bottom  cover  consists  of  a flat  aluminum  sheet  with  riveted  right-angle  ex- 
trusions along  the  sides  and  ends  of  the  sheet.  Reload  access  ports  are  pro- 
vided in  this  cover.  The  cover  attaches  to  the  center  shear  web  by  means  of 
fasteners  and  matching  plate  nuts  mounted  on  the  center  web  right-angle  ex- 
trusions. 

The  extrusions,  attached  to  the  bottom  cover  and  running  the  width  of  the 
magazine  bay,  also  incorporate  the  horizontal  portion  of  the  conveyor  element 
guide  track. 

The  magazine  end  panels  are  constructed  of  aluminum  sheets  with  right-angle 
extrusions  riveted  to  their  vertical  edges.  These  extrusions  incorporate 
the  vertical  portions  of  the  conveyor  element  guide  track.  The  magazine 
side  panels  consist  of  flat  aluminum  sheets,  attached  entirely  around  their 
periphery  by  fasteners  to  the  aforementioned  panels  and  providing  continuity 
to  the  magazine. 
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Steel  fading  sprocket  throat  guides,  housing  the  drive  shaft  bearings 

sideP  ? J°  Side  Panels-  Vertical  slots  are  machined  into  the  ’ 
side  panels  in  the  area  of  the  chain-driven  push  rod  units.  The  chain 
driven  shafts  are  held  by  bearing  caps,  spanning  the  slots. 

Extruded  vertical  guides  extend  into  the  slots  between  the  bearing  cans 

runni/  S the  convey°r  in  its  folded  configuration  and  provide 

oa  nSfhaees  r ^ dr±Ve  Cha±nS * The  §uides  mounted  out- 

nuts  R f±d®  panelS  by  means  of  ^as teners  that  match  side  panel  plate 

elements  forLsnecM86  8Uid6S  pr°VideS  vlsibillty  to  the  folded  conveyor 

llHea'ine  a^  \PerP°SeS  ^ ln  the  6Vent  °f  3 or  function. 

double^hields^for^nrotecH S T SUpP°rted  by  ball-type  bearings  containing 
snieids  for  protection  from  contaminants. 

All  drive  shafts  span  both  magazine  bays  with  only  the  push  rod  chain  and 
conveyor  sprockets  reoriented  to  insure  that  one  LgaziL  coSeyor Ss 
precisely  one-half  round  pitch-off  with  respect  to  L ShS  conveyo!  to 
maintain  proper  hand-off  timing  to  the  pitch  expander/combining  unit. 

iiit^ideutil^lnffeXClfing  thC  PUSh  r°d  Chain  dr±Ve  Shafts>  are  hollow- 
centered  utilizing  maximum  material  effectiveness.  The  drive  sprockets 

“ Ts Vfi  i5llBed;  «*'***  ci„i„8  provisions  incorporated, 

_LaaSe  °f  fleld  service  aad  repair.  Except  where  noted,  all  fabricated 
magazine  components  are  made  of  aluminum  alloys. 

2.3.4  MAGAZINE  MOUNTING 


Magazine  mounting  in  the  aircraft  ammunition  bay  is 
sets  of  fittings  which  prohibit  aircraft  deflections 
into  the  magazine.  These  fittings  are: 


accomplished  by  three 
from  transferring  loads 


Ammunition  magazine  support  - Forward  bulkhead 
Ammunition  magazine  support  - Aft  bulkhead 
Upper  and  lower  sideload  fittings 


pJvotT?urnhu^8aZlne  SUPport-forward  bulkhead  consists  of  an  adjustable 
pivoted  turnbuckle  connection  to  the  fuselage  station  481.50  forward  bulk- 


The  ammunition  magazine  support-aft  bulkhead  consists  of  a pin  and  seat-tvi 

^ion  509W5  Sr  hC^r  C°  the  loWer  section  of  the  fuselage  ate 

and  station  positions!  ’ 6 lttin8  P°Sitions  the  ma8azine  in  its  waterld 


SSSoS  ShiSTf  sidel°ad  fibtiugs  locate  the  magazine  in  its  buttline 
lu  S is  accomplished  through  closely  defined  fittings  which  lo- 
heads.  vertical  tee  fittings  of  the  forward  and  aft  bulk- 


1Inr!dSti0n’  fittin8s  serve  ^ guide  the  magazine  as  it  is  hoisted 

xnto  or  removed  from  the  aircraft  ammunition  bay. 
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2.3.5  PITCH  EXPANDER/COMBINING  UNIT 


1 ,C°nfis^s  °f  two  distinct  mechanisms,  the  pitch  expander  and  the 
combiner,  both  of  which  are  enclosed  within  a common  housing  (Figure  8) . 
he  primary  function  of  this  unit  is  to  transport  rounds  from  a dual  bay 

®ySte“  and  to  combine  them  into  a single  flow  of  ammunition  suit- 
able for  transfer  to  the  weapon. 


2*3. 5.1  PITCH  EXPANDER  MECHANISM 


The  pitch  expander  mechanism  has  been  designed  to  transfer  rounds  sequen- 

expiided^itch  j ^ magazine  ^ays  t0  the  combining  mechanism  at  an 
expanded  pitch.  In  order  to  avoid  overboard  discharging  of  spent  cases  and 

to  Serait°thfSrer°ViSf0ns  ^ ^ incorP°rated  into  the  mechanism  so  as 

stowa^  Tht  I!  J ° temS  fr°m  the  Weapon  to  the  magazine  for 

liZtl  n?  expander  operates  at  firing  rates  of  up  to  6000  shots  per 

minute  while  synchronized  with  the  weapon.  In  addition,  due  to  the  neces- 

weapon  clearing  at  burst  termination,  the  mechanism  is  capable  of 

ng  La  the  raverse  direction.  Finally,  all  of  these  capabilities  can 
be  performed  regardless  of  whether  the  mechanism  is  empty,  partially  filled 
or  totally  filled  with  complete  rounds  or  empty  cases  i/i ny  comblnatioi  ’ 


The  pitch  expander  mechanism  consists  of  a total  of  four  expanding  sprockets 

ma^Lre  r S±tuajted  that  one  pair  aligned  with  each  of  the  individual 
f . ^ ay  °Peaings  • Each  pair  of  sprockets  has  the  capability  of  trans- 

c:«"?tir:rfrl“dtocaH-d:^.aiso  °f  ^ 


In  the  operation  of  the  mechanism,  upon  weapon  demand,  the  two  lower  exnander 

2ScS“«.“:1‘“d  by  hardened  steel  roun<i  8uldes  n”  r~S. 7Z 

paSiallv  ca-L“a8r  r.bayS’  Pri°r  t0  “"action,  each  round  must  be 
P,  , . !|y  d “ °£  lts  respective  carrier  element  by  a set  of  magazine 

guide  fingers  so  that  the  round  guides  can  effectively  move  the  extracted 

extraction  ^ “P-”  aP'°=k“-  a smooth 

each  expander  sprocket  is  designed  to  provide  a 

veyoJ  at  tieCpoLrof  t°f  T Plt<:h  ““  “lth  that  of  the  "agazine  con- 
velocity  match°are 


Vc  - Linear  velocity  of  magazine  conveyor  in  inches/second 
^ ~ Firing  rate  in  shots/second 


P Pitch  distance  between  rounds  in  inches 
Ws  " Angular  velocity  of  expander  in  radians/second 
N **  Number  of  cavities  in  expander  sprocket 
V = Tangential  velocity  of  expander  sprocket  in  inches/second 


s 


Radiai  distance  between  sprocket  pitch  line  and  the  center  of  rotation 
of  the  expander  sprocket  in  inches.  rotation 
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CENTER  GUIDE  TRACK 


DETAIL 


CAM  TRACK 


DETAIL 


At  a maximum  firing  rate  of  6000  shots/minute  or  3000  shots/minute  for 
each  magazine  bay,  the  following  can  be  computed: 


R = 3000  shots /minute  60 


- 50  SPS 


Vc  - RP  = (50  SPS)  (1.875)  = 93.75  inches/second 
For  velocity  matching  must  be  equal  to  V 


Vs  = 93.75  inches/second 


Ws  = P.2tt/N  = (50  sps)  (2tt )/4 


Wg  = 78.539  radians /second 


Vg  - Ws  r = 93.75  inches/second  = (78.539  tauians/second)  rc 


rg  = 1.194  inches 

Therefore,  rg  must  be  1.194  inches  at  the  point  of  transfer  to  assure  a 
precise  velocity  match.  The  rounds  are  transported  within  the  magazine  at 
a minimum  pitch;  for  this  reason,  the  pitch  lines  of  the  expander  sprocket 
and  magazine  conveyor  had  to  be  separated  by  .210  inch  to  avoid,  upon  sys- 
tem reversal,  the  interference  of  the  sprocket  cavity  sidewalls  with  the 
conveyed  rounds  as  they  retreated  from  the  handoff  point. 

Subsequent  to  extraction,  each  of  the  lower  expander  sprockets  must  effect 
a pitch  expansion  from  1.875  inches  to  4.000  inches  where  it  is  compatible 
with  that  of  the  combiner  mechanism.  The  angular  interval  over  which  this 
expansion  can  occur  is  dictated  by  the  timing  relationship  that  exists  be- 
tween the  expander  sprockets  and  its  two  physical  interfaces.  The  equations 
used  to  formulate  this  timing  relationship  and  thereby  establish  the 
sprocket  centers  are  presented  in  Appendix  B.  A computer  program  was 
developed  using  these  equations  to  determine  a solution  which  satisfied 
the  above  stipulated  design  parameters.  The  results  of  the  program  showed 
that  three  possible  solutions  existed,  only  one  of  which  was  compatible 
with  the  aircraft  envelope  and  round  geometry.  This  solution  stipulated 
that  the  angular  interval  over  which  the  pitch  expansion  could  occur  would 
be  contained  within  125°. 


The  expander  sprockets  have  utilized  a design  philosophy  similar  to  that 
which  was  used  on  the  GAU— 8/A  feed  system.  This  design  entails  the  use  of 
four  expanding  carriers  which,  when  driven  by  a drive  sprocket  and  controlled 
by  a set  of  cam  guides  at  each  end,  induces  a reciprocating  motion  which 
effectively  expands  the  pitch  of  the  rounds  contained  within  each  of  the 
carriers  (Figure  9) . Based  upon  extensive  testing  during  the  GAU-8/A  pro- 
gram, it  was  proven  that  this  type  of  mechanism  was  extremely  reliable  and 
durable  at  speeds  approaching  4500  sho ts /minute . Design  of  the  expansion 
cams  was  based  upon  cam/ follower  contact  angle  in  order  to  minimize  sensi- 
tivity of  the  device  to  friction  variations.  It  was  evident  that  a reduc- 
tion in  wear  and  power  consumption  was  achieved  due  to  the  smaller  frictional 
level.  The  only  disadvantage  encountered  with  this  approach  was  that  the 
round  accelerations  were  somewhat  higher.  However,  an  analysis  of  the 


final  configuration  showed  that,  at  the  maximum  weapon  demand  rate,  the 
peak  tangential  acceleration  was  21  g's  while  the  peak  normal  acceleration 
was  41  g's.  These  values  demonstrate  that  the  acceleration  levels  exerted 
on  the  round  are  well  within  the  acceptable  limits  of  200  g's. 

Throughout  the  expansion  process,  positive  axial  and  longitudinal  control 
of  rounds  is  maintained.  The  former  is  achieved  by  means  of  a set  of 
hardened  steel  guides  while  the  latter  is  accomplished  by  means  of  a 
guide  surface  designed  to  engage  the  extractor  groove  of  each  round. 

Subsequent  to  expansion,  the  rounds  are  transferred  simultaneously  from 
the  two  lower  expanding  sprockets  to  a succession  of  carrier  elements  on  the 
combiner  mechanism.  In  order  that  this  simultaneous  transfer  of  rounds  take 
place,  it  was  necessitated  that  one  expander  sprocket  be  rotated  one-half 
round  pitch  with  respect  to  the  other.  Once  again,  as  was  the  case  at  the 
magazine  interface,  each  expander  was  designed  to  insure  a precise  velocity 


match  with  the  combining  conveyor.  The  equations  used  are  identical  to 
those  stated  previously  except  that,  in  this  instance,  the  transier  is 
occurring  between  two  rotating  sprockets  rather  than  between  a rotating 
sprocket  and  translating  belt.  For  this  reason,  it  is  only  necessary  to 
utilize  that  equation  which  related  to  a rotating  sprocket,  that  of  Vs  « 
wsrs*  Results  of  these  computations  revealed  that  rs  must  have  a value  of 
2.488  inches  at  the  point  of  transfer  to  effect  a smooth  handoff.  Once 
again,  hardened  steel  guides  are  utilized  to  extract  the  rounds  from  the  ex- 
pander, insert  them  into  the  combining  conveyor,  and  provide  positive  axial 
and  longi* udinal  control. 

As  was  stated  at  the  beginning  of  this  section,  one  of  the  requirements  of 
the  pitch  expander  mechanism  is  to  restow  empty  cases  and  unfired  rounds. 

In  operation,  both  expanding  sprockets  simultaneously  extract  empty  cases 
from  the  combining  conveyor,  effect  a necessary  pitch  contraction  from  4.000 
inches  to  1.875  inches  and  sequentially  insert  them  into  empty  magazine 
carrier  elements.  This  is  achieved  by  using  expanding  sprockets  and  cam 
guides  which  are  identical  to  their  lower  counterparts  except  that  they  are 
opposite  hand  parts.  Cam  angles,  accelerations,  and  velocity  matches  are 
identical  to  those  which  were  discussed  previously  in  this  section. 

2. 3. 5. 2 COMBINER  MECHANISM 

The  combiner  mechanism  takes  rounds  from  the  two  pitch  expander  sprockets 
and  translates  them  over  a given  distance  into  a single  stream  of  ammunition 
at  a maximum  combined  rate  of  6000  shots  per  minute. 

In  the  operation  of  this  mechanism,  rounds  are  sequentially  transferred  into 
a conveyor  network  in  which  each  of  the  alternate  carrier  elements  are 
aligned  with  one  of  the  two  lower  expander  sprockets.  In  order  that  proper 
round  transfer  can  be  achieved,  it  is  required  that  the  round  pitch  of  both 
the  expander  sprocket  and  of  the  carrier  elements  be  identical  at  the  point 
of  transfer.  The  conveyor  network  has  been  designed  to  provide  a round 
pitch  of  2.00  inches  between  successive  carrier  elements  and  consequently 
a 4.00-inch  pitch  between  alternate  ones  matching  the  output  pitch  of  the 
expanders. 

Subsequent  to  handoff,  each  of  the  carrier  elements  containing  a round  is 
translated  over  a distance  of  16  inches.  This  motion  is  achieved  by  a series 
of  crossbars  which  are  spaced  at  2.00-inch  intervals  and  which  are  laterally 
restrained  by  roller  bearings  positioned  near  each  end  of  the  crossbar. 

Each  crossbar  has  been  designed  to  support  a single  carrier  element.  Support 
is  accomplished  by  means  of  two  integrally  cast  carrier  foot  guides  which 
engage  a continuous  machined  way  in  the  crossbar.  Short  support  links  at 
each  end  are  used  to  combine  the  crossbars  into  a continuous  chain. 

Motion  is  imparted  to  these  drive  chains  by  means  of  cam  followers 
positioned  and  contained  in  a continuous  cam  track  on  the  outboard  side  of 
these  chains.  These  cam  followers  essentially  perform  four  functions. 

Iirst,  they  engage  pairs  of  sprockets  which  provide  the  power  transmission 
necessary  to  drive  the  conveyor  network.  Second,  because  of  cam  track 
constraint,  they  serve  as  a horizontal  support  for  each  of  the  associated 
crossbars  and  consequently  their  carrier  elements.  Third,  the  cam  followers 
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together  with  the  cam  track  form  a lead-on  and  lead-off  path  for  the 
sprockets  in  such  a manner  as  to  minimize  chain  impact  and  associated 
power  losses.  Finally,  because  rolling  rather  than  sliding  friction  exists 
as  the  cam  followers  are  translated  along  the  cam  path,  power  consumption 
is  minimized. 

It  shouid  be  noted  that  while  the  carrier  elements  are  maintained  aL  a 
2.00-inch  pitch,  the  cam  followers  are  positioned  on  1.00-inch  centers. 

This  reduced  spacing  is  to  minimize  chordal  action  and  thus  diminish  dy- 
namic loads  and  premature  chain  wear.  This  reduction  in  pitch  is  achieved 
by  the  addition  of  intermediate  articulating  points  (connecting  links). 

During  the  process  of  longitudinal  motion,  a transverse  movement  is  super- 
imposed upon  each  of  the  carrier  elements.  This  movement  causes  them  to 
converge  towards  the  centerline  of  the  combiner  mechanism  so  that  at  the 
end  of  16  inches,  the  two  streams  of  carrier  elements  have  been  converted 
into  a single  flow  at  a reduced  pitch  of  2.00  inches. 

This  transverse  movement  is  achieved  by  the  utilization  of  two  independent 
cam  tracks.  Each  alternate  carrier  element  is  controlled  by  one  of  the 
tracks.  The  control  is  effected  by  means  of  a ball-bearing  cam  follower 
secured  to  the  bottom  of  each  carrier.  This  cam  follower,  when  inserted 
into  either  of  the  cam  tracks,  causes  the  carrier  to  move  transversely 
along  its  crossbar  as  it  is  translated  longitudinally  along  the  cam  track. 

? a SI?  haS  be£?  configured  to  insure  a smooth  sliding  action  between 
nd  the  carrier  element.  The  crossbar  has  been  designed  to  provide 

thfriLC  neS%and  P!ie^Ude  unification  of  the  caa  loads.  In  addition, 
he  utilization  of  cam  followers  running  in  a cam  track  permits  a lower 

^ociaLrrtthCu!“nPtl°n  'iUe  t0  the  l0“er  COeffl‘:ie"t  °£  rolling  friction 

The  design  of  the  cam  track  profile  provides  a lateral  movement  of  5,73 
nches  in  a distance  of  13.40  inches.  In  order  to  minimize  the  loads 
associated  with  this  lateral  movement,  it  was  established  that  the  cam  pro- 
ile  be  so  shaped  as  to  permit  camming  action  to  occur  over  as  long  an 

P°r;Sible-  Flnal  definition  of  the  cam  track  profile  was  accom- 
plished  through  the  use  of  a computer  program  which  was  developed  using 

strated^* I T (APPendix  C)  . Results  of  this  program  demon- 

modified  ^ th®  m°St  desirable  solution  was  that  shape  which  simulated  a 
if xed  sinusoidal  curve.  Subsequent  calculations  based  on  this  curve 
revealed  maximum  cam  angles  of  30  degrees  and  round  accelerations  of 

limitXofa200yg^  8 S>  WhlCh  are  Wel1  Within  the  acceptable  round  design 

After  the  rounds  are  cammed  into  a common  path  at  the  far  end  of  the  com- 
biner mechanism,  they  are  sequentially  extracted  from  their  respective 

Whf6’  ln  tUrn’  they  are  insertad  into  a transfer  sprocket 
in  the  weapon  interface  assembly.  In  effecting  this  handoff,  the  rounds 

undergo  an  incremental  pitch  expansion  from  2.00  inches  to  2.22  inches 

that  occurf 6 iS^0ne  STent  °f  3 multiPle  steP  Pitcb  expansion  process 
with  the  final  h Y°d  iS1C°Tyed  thr°Ugh  the  Weapon  interface  assembly 

Sat  of  the  Sapo"  " ‘ ^ aChle''1''8  ‘ pltCh  that  ““>« 
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In  that  the  combiner  mechanism  must  handle  empty  cases  and  unfired  rounds 
that  are  returned  by  weapon  for  restowage,  a design  philosophy  identical 
to  that  discussed  above  is  incorporated  into  this  mechanism.  However  the 
utilization  of  a closed  loop  drive  chain  in  conjunction  with  an  identical 
carrier  cam  track  in  this  instance  causes  the  empty  cases  to  be  diverted 
from  a single  common  path  to  that  of  two  streams  of  flow  which  are  then 
suitable  for  transfer  to  the  pitch  expander  mechanism.  Since  the  same 
design  philosophy  has  been  used,  it  necessarily  follows  that  all  previously 
stated  comments  with  regard  to  functions,  accelerations,  and  loads  are 
applicable. 

2*3.6  PITCH  EXPANDER/COMBINING  UNIT  CONSTRUCTION 

The  pitch  expander  and  combiner  mechanisms  are  enclosed  in  a common  housing. 
This  housing  essentially  consists  of  a total  of  seven  structural  members* 

U;  an  upper  and  lower  cam  plate,  (b)  a forward  and  aft  end  plate,  (c)  a 
top  and  bottom  cover,  and  (d)  a center  support.  Each  of  these  structural 
members  has  been  fabricated  of  aluminum  for  reasons  of  cost  and  weight 
reduction.  In  addition,  each  of  these  items  has  been  so  designed  as  to 
preclude  numerous  machining  operations. 

The  upper  and  lower  cam  plates,  which  are  bolted  to  one  another  are 
positioned  on  the  horizontal  centerline  of  the  combiner  mechanism.  These 
plates  serve  to  provide  a structural  shape  in  which  two  pairs  of  sinusoidal 
cam  tracks  are  machined.  The  design  criteria  that  was  utilized  to  develop 
nese  plates  was  based  upon  sciffness  rather  than  stress  levels  so  as  to 
preclude  deformation  of  the  cam  tracks. 

At  each  end  of  the  cam  plates,  aluminum  fittings  have  been  mounted  in  such 
manner  as  to  align  with  each  of  the  cam  tracks.  These  fittings,  which 
possess  an  identical  shape  to  that  of  the  cam  tracks,  provide  a smooth 
ontinuous  path  for  the  cam  followers  as  they  travel  from  the  lower  to 
the  upper  set  of  cam  tracks. 

in  addition  to  the  cam  tracks,  a continuous  rectangular  slot  has  been 

inS  Klnf°,!aCh  °f  the  Plates>  Steel  fittinSs  are,  in  turn,  installed 
nto  each  of  these  slots.  These  fittings  provide  a center  guide  track 

stiffness  for  T'ttl  ^ 8"ideS  Wh°S6  PUrp°Se  ±S  t0  furnish  additional 
scit£ness  f°t  each  of  the  crossbars. 

Positioned  and  bolted  to  either  side  of  the  cam  plate  assembly  are  the 
£ fend  plates . As  one  of  its  functions,  these  end  plates 

n f”rS  f supporting  the  four  gear-driven  shafts  that  comprise 
a portion  of  the  pitch  expander  and  combiner  mechanisms.  Two  of  these 

hies3  t0  fPPOrt  tHe  UPPer  3nd  l0Wer  exPander  sprocket  assem- 

blies.  The  position  and  retention  of  these  assemblies  are  achieved  by  a 

cross^innmg  of  the  drive  sprockets.  Each  of  the  elements  that  comprise 
rirpaHnder  sprockat  assemblies  is  of  steel  construction  because  of  high 
loads  and  wear  to  which  they  are  subjected  during  the  expansion  and 

tion processes.  In  particular,  the  carrier  element  has  utilized  a 
III*]  iaVestmen^  casting  which  has  been  so  configured  as  to  effectively 
Ilund6  T ™ 7 p^oviding  support  at  both  the  neck  and  the  base  of  the 

' A pasting  configuration  was  utilized  for  reasons  of  weight  and  cost 

that°d^ile  th  pr°Vide  suPP°rt  for  the  pairs  of  aluminum  chain  sprocket 

tnat  drive  the  combining  conveyor  network. 
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All  of  the  four  shafts  are  supported  in  the  end  plates  by  sealed  radial 
bearings  and  have  incorporated  a spline  at  the  gear  interface  end.  These 

80  38  t0  achieve  repeatable  timing  upon  reassem- 

heat-treated  sj«l  aUoye  ^ °‘S°CUted  «ears  fabricated  from 

Another  function  of  the  forward  and  aft  end  plates  is  that  they  provide  a 
mounting  surface  upon  which  a series  of  steel  cam  guides  are  bolted.  To 

bearing^bores . P°8dtl0n^n® ’ these  8uides  have  been  piloted  into  the  adjoining 

extended  close  toleranced  locating  pins  have  been  installed  in  the  lower 

tin«OI1h?i  e3T:h  °f  thS  6nd  plates*  rhese  Pins  engage  slotted  magazine  fit- 
tings while  close  toleranced  pip  pins  located  in  the  upper  cover  mate  close 

tion  of°th  h°leS ,Pr°VJde?  ln  3 set  of  uPPer  magazine  fittings.  The  combina- 
nort  th  ^tended  pin  and  pip  pins  vertically  position  as  well  as  sup- 

P^,Ch  e^Pander/ combining  unit  on  the  magazine.  Lateral  positioning 

ihicf  rl  ^ closely  defiaing  those  machined  surfaces  on  both  units  § 

which  physically  interface  with  one  another  upon  attachment. 

A different  technique  was  utilized  to  attach  the  magazine  turnaround  unit. 

ar0lindSui?t  nCe>  t ^ °f  Cl°Se  tolerance  Pins  are  mounted  on  the  turn- 
around unit  in  such  a manner  that  when  the  two  units  are  joined,  ;he  pins 

engage  a set  of  close  tolerance  holes  in  each  end  plate  of  the  pitch 

expander/combining  unit.  Upon  engagement,  both  units  are  effectively 

fers  Hiah  strlt:ltheCi  ^ Z™  f*°ther  80  38  t0  insure  sm°°t:h  round  tes- 
ters. High  strength,  quick-release  fasteners  have  been  installed  in  the 

top  and  bottom  covers  of  both  units  to  effectively  connect  the  units 

po"  L^hYLT^6"  3irCrf C enVel°Pe’  e3Ch  °f  ^he  fastene?s  has  Lor- 
porated  the  added  feature  of  a retaining  ring  so  as  to  capture  the  fastener 

on  ne  turnaround  unit  in  the  disassembled  state. 

Lxternal  timing  at  both  of  the  above-mentioned  interfaces  is  reduced  to 
atSiotieofetheTh  “ end*  TiminS  Provisions  have  been  incorporated 

out  proper  SSJg^  e^cted!  th3t  “““h1"  ±S  pr°hibited 

Bolted  to  the  upper  and  lower  surfaces  of  the  end  plates  are  the  top  and 

ouide"1  t0  Whluh  Steel  r°Und  guldes  are  rivated  and  bolted.  Th  >se 

guiries  eight  in  number,  provide  effective  radial  control  of  the  round's 

throughout  the  combiner  mechanism  while  longitudinal  control  is  achieved 
cast  constru^M  C3rrier/laments  • ™ese  carriers  of  aluminum  bronze 

profusion  wh.Vh11  T „ rOUnd  C°ntro1  b?  the  incorporation  of  a 
‘ n ™ Wh3Ch  engaged  the  extractor  groove  of  each  round.  In  addition 
two  other  protrusions  were  utilized  to  cradle  the  cartridge  cas«  and 

rather  than^he  ’ rofd  d^Ving . loads  are  imParted  to  the  carrier  element 
damaged hmechanically^*  ““  minlmiZing  ^ P°88ibili^  the  round  being 

r^rMUnd  8a1?eS  mounted  on  each  cover  also  fulfill  the  capability  of  ex- 
tracting and  inserting  rounds  to  and  from  the  upper  and  lower  expander 

s?rS^alSSrbHUiS;-  In  ?rder  t0  minlmi2e  Weighb  and  stm  proX  sufficient 
of  the  cas^covers^  lghtening  holes  have  been  incorporated  into  each 
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The  funtion  of  the  center  support  is  to  provide  an  additional  mounting 
surface  for  the  remaining  set  of  expander  sprocket  cam  guides,  utilizing 
the  same  technique  of  mounting.  In  addition,  the  expander  sprocket  drive 
shafts  when  inserted  into  machined  bronze  bushings  installed  in  this 
casting  provide  a center  span  support  for  each  of  the  rotating  shafts. 

2.3.7  WEAPON  INTERFACE  ASSEMBLY 

The  Weapon  Interface  Assembly  is  configured  to  accommodate  the  weapon 
throughout  its  range  of  boresight  adjustments,  which  include  horizontal, 
vertical,  pitch,  and  yaw  directions,  and  the  recoil  excursions  as  cited 
of  .75-inch  recoil  and  .40-inch  counter-recoil.  A further  objective  is 
to  isolate,  to  the  greatest  extent  possible,  the  weapon  recoil  loads  from 
the  ammunition  feed  system. 


The  Weapon  Interface  Assembly  is  made  up  of  three  units: 

• Magazine  turnaround  unit 

• Flexible  chutes 

• Weapon  turnaround  unit 

In  the  following  paragraphs,  a brief  description  of  each  of  these  units  is 
presented . 

2 • 3 . 7 . 1 MAGAZINE  TURNAROUND  UNIT 


The  magazine  turnaround  unit  consists  of  an  aluminum  cast  housing  that 
contains  two  round  handling  transfer  sprockets  and  a single  conveyor  drive 
sprocket,  all  of  which  are  attached  to  gear-driven  rotating  shafts  (Figure 
10) . One  portion  of  this  unit  sequentially  extracts  rounds  from  the  pitch 
expander/ combining  unit,  effects  a two-step  pitch  expansion  and,  subsequen- 
tially,  transfers  the  rounds  to  the  weapon  interface  conveyor  while  the 
other  portion  simultaneously  reverses  the  above  process  so  as  to  permit  the 
return  of  spent  cases  and  duds. 

Due  to  the  fact  that  in  the  wrapped  configuration,  the  combining  network 
conveyor  has  an  equivalent  round  pitch  of  1.93  inches,  and  the  weapon  inter- 
face conveyor  has  an  equivalent  pitch  of  2.44  inches,  it  becomes  necessary 
to  perform  a pitch  expansion  so  as  to  effect  a round  transfer  from  one 
conveyor  to  the  other.  An  intermediate  transfer  sprocket  has  been  incor- 
porated to  provide  a means  by  which  the  above-mentioned  pitch  expansion  can 
be  achieved.  This  expansion  is  accomplished  in  two  stages.  The  first 
stage  occurs  when  the  rounds  are  cammed  out  of  their  respective  combining 
conveyor  elements  and  are  inserted  into  the  transfer  sprocket  by  hardened 
steel  round  guides.  Subsequent  to  this  hand-off,  the  transfer  sprocket 
undergoes  a small  angular  rotation  at  which  time  the  second  stage  occurs. 
Round  guides  again  cam  the  rounds  out  of  the  transfer  sprocket  where  they 
are,  in  turn,  inserted  into  the  weapon  interface  conveyor.  Throughout 
both  pitch  expansion  stages,  positive  longitudinal  and  axial  control  of  the 
live  round  have  been  provided.  Longitudinal  control  is  achieved  by  an  aft 
round  guide  which  engages  the  round  extractor  groove  while  continuous  upper 
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and  lower  guides  control  the  axial  ’notion  of  the  round.  In  addition,  each 
transfer  sprocket  utilizes  a high  siae-wall  design  whose  function  is  to 
provide  control  of  each  round  along  its  pitch  line  once  it  has  been 
partially  cammed  out  of  its  respective  cavity. 

While  the  weapon  interface  conveyor  is  powered  by  the  conveyor  drive 
sprocket,  its  motion  is  controlled  by  a set  of  guides  mounted  in  the 
magazine  turnaround  unit.  These  guides,  which  are  of  steel  construction, 
consist  of  two  link  guides  and  a finger  guide  which  have  all  been  configured 
in  such  a manner  as  to  establish  a conveyor  pitch  line  which  makes  a 
smooth  transition  from  a straight  to  a curvilinear  path.  The  significant 
advantage  gained  from  the  transitional  path  is  that  the  chain  hop  and  its 
associated  shock  loads  are  minimized.  In  order  to  assure  proper  positioning 
of  each  of  the  conveyor  guide  elements,  locating  pins  and  piloting  techniques 
have  been  employed  so  as  to  locate  all  of  these  items  relative  to  the 
centerline  of  the  conveyor  drive  sprocket. 

Bolted  to  the  forward  end  of  the  magazine  turnaround  unit  housing  is  a 
gearbox  assembly  whose  primary  function  is  to  provide  an  interface  for  the 
input  power  that  is  required  to  operate  the  entire  feed  and  storage  system. 

The  gearbox  assembly  essentially  consists  of  a bearing-supported  input 
drive  shaft  to  which  is  mounted  an  input  bevel  pinion  which  forms  one-half 
of  a bevel  gear  set.  Power  is  transmitted  to  the  input  drive  shaft  by 
means  of  an  aircraft-supplied,  hydraulically-operated  line  shaft.  So  as 
to  provide  proper  alignment  and  coupling  of  this  line  shaft  and  the  input 
drive  shaft,  universal  couplings  have  been  utilized. 

Since  both  the  feed  and  return  chutes  are  physically  interfaced  with  the 
turnaround  unit,  provisions  have  been  incorporated  into  this  design  to 
allow  for  their  attachment.  These  mounting  provisions  consist  of  a series 
of  chute  brackets  and  mounting  lugs  which  effectively  engage  the  standard 
quick-disconnect  type  latches  that  are  mounted  on  each  end  of  the  individual 
chutes.  In  addition,  to  insure  proper  positioning  of  each  of  the  chutes, 
close  tolerance  holes  have  been  provided  in  the  turnaround  unit  which 
accept  extended  guide  pins  located  in  each  of  the  chute  end  fittings. 

All  of  the  three  sprockets  and  their  associated  drive  shafts  have  been 
fabricated  from  hardened  steel.  In  particular,  each  drive  shaft  has 
utilized  a hollow  center  design  for  reasons  of  weight  reduction  and  utiliza- 
tion of  maximum  material  effectiveness. 

All  three  drive  shafts  are  supported  in  the  turnaround  unit  by  a combination 
of  sealed  roller  and  angular  contact  bearings.  In  addition,  a spline  has 
been  incorporated  at  each  of  their  gear  interface  ends.  Each  of  these  splines 
utilizes  a blind  tooth  technique  so  as  to  achieve  repeatable  timing  upon 
reassembly  ^n  the  field.  All  spur  and  bevel  gears  are  fabricated  from 
heat-treated  steel  alloys.  All  other  components  that  comprise  the  turnaround 
unit  are  of  aluminum  construction  for  reasons  of  weight  reduction. 
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Figure  10.  Magazine  Turnaround  Unit 
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2. 3. 7. 2 FLEXIBLE  CHUTES 


lwo  custom-designed  flexible  chutes  have  been  integrated  into  the  feed 
system  to  transfer  the  linked  conveyor  elements.  One  chute  guides  the 
conveyor  elements  full  of  rounds  from  the  magazine  turnaround  unit  to  the 
weapon  turnaround  unit.  The  other  chute  guides  the  return  of  the  conveyor 
elements  full  of  spent  cases  and  unfired  rounds  from  the  weapon  turnaround 
unit  to  the  magazine  turnaround  unit. 

Both  flexible  chutes  are  predominantly  of  aluminum  construction  with 
stainless  steel  guide  surfaces  to  afford  the  best  combination  of  weight 
reduction  and  wear  resistance.  The  chutes  have  been  sized  to  accommodate 
the  conveyor  elements  at  rates  up  to  6000  rounds  per  minute  while  avoiding 
large  energy  drains  and  preventing  conveyor  element  damage.  The  chute 
has  also  been  designed  to  minimize  the  contact  between  live  rounds  and 
chute  guides.  Since  the  25mm  LLFS  must  operate  in  the  reverse  direction 
for  round  repositioning  at  burst  termination  and  for  reloading  purposes, 
the  chute  design  must  accommodate  conveyor  element  travel  in  either  direction 
while  maintaining  its  required  flexibility.  In  order  to  allow  complete 
reversibility,  individual  leaves,  required  for  flexibility,  are  interlocked 
in  opposite  directions  to  present  a smooth,  continuous  guide  surface  for 
conveyor  or  rounds. 

The  chute  design  permits  quick  disconnects  at  both  the  magazine  turnaround 
unit  and  the  weapon  turnaround  unit  by  means  of  standard  chute  latches  and 
close  tolerance  guide  pins.  The  guide  pins  ensure  that  the  chute  opening 
is  accurately  positioned  for  reliable  insertion  and  extraction  of  the 
conveyor  element  at  both  turnaround  units.  Sufficient  flexibility  has  been 
provided  in  the  chutes  to  allow  for  normal  gun  excursions  during  recoil 
and  counter-recoil  as  well  as  accommodating  required  movement  during 
boresighting  operations. 

2. 3. 7. 3 WEAPON  TURNAROUND  UNIT 

The  weapon  turnaround  unit  interfaces  with  the  weapon  transfer  unit  This 
interface  is  preliminary  only  based  on  the  final  configuration  of  the 
weapon  transfer  unit. 

The  weapon  turnaround  unit  (Figure  11)  is  designed  to  convey  live  rounds 

!JeaP°?  t*an8fer  unit  and  t0  accept  empty  cases  and  unfired  rounds 
om  this  unit  for  restowage  in  the  magazine.  This  unit  consists  primarily 
sprocket aminum  cast  housing  containing  the  weapon  interface  conveyor  drive7 

The  flexible  chutes  are  attached  to  this  unit  by  means  of  steel  fittings 

bv^te^h  ‘m  hOU!lnV siJewaU°.  Pr°Per  chute  positioning  is  maintained 
y steel  bushings  in  the  housing  which  accept  extended  locating  pins  in  the 
chute  end  fittings.  These  pins  also  isolate  recoil  and  counter-recoil 
loads  from  the  chute  fittings  themselves. 

tenJrT  "UrnarOUnTd  Unit  attaches  to  the  weapon  transfer  unit  by  means  of 
tension  fasteners.  Locating  pins  are  utilized  to  achieve  proper  positioning 

,tW° ,UnitS  ^ t0  1S°late  a11  weaP°n  and  counteJ-recoif 

loads  from  the  fasteners.  ieLOU 
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po:itt;:„Tv«t^ujrs„“r::di?rt1r of  tuo  ™sf“  ■»»«*.«. 

design  philosophy  for  the  weaoon  tur  ° ° transfer  unit.  The  expansion 
previously  utiLLd  L , Und  Un±t  ±S  identical  to  that 

undergo  a double  pitch  expaS  ThrtoTrd  “a1'’  ln  that  the  r°unds 
is  approximately  12.2  percent.  31  r0Und  pitch  expansion  ratio 

n“m°:  c^lS“  terminating  points 

maximum  storage  caoacitv  t-krn„ot,  ..  ticulated  conveyors,  provides 

round  spacing  in  the  conveyors  whUe  stiutchievi"1  maintaining  minimum 
Pitch  expansion  for  weapon  acceptance!  ^ **e  required  round 

feed  loop  whileecaseranrlaredf^oundse ex^f rom" th°n  ^ ^ C°nVeyor 
the  conveyor  loop.  it:  f the  uPPer  portion  of 

Upon  weapon  demand,  rounds  at  the  drive  sprocket  arP  Hft  , f 
respective  conveyor  elements  bv  hur^n  a P , lifted  from  their 

and  bottom  of  the  turnaround  housing  for  hTV'  tT*  m°unted  to  the  sldes 
sprocket  where  they  undergo  their  first-  n^'°ff  t0  the  lower  transfer 
expansion,  matching  the  rLuired Jjt  d u expansion-  The  second 
the  transfer  sprocket  to  the  weapon  barrel^’  °CCU^  3t  the  hand“off  from 
the  respective  sprockets  are  achieved  by  offsetti  ^ expana±ons  between 
coupled  With  the  use  of  guides  SS*2^.VPr“l"t  Ce"terS 

sprocket,  to  the  conveyor ^rive'spro^ket””1  gr°“p  t0  the  uPPer  transfer 
turned  cases  and  unfired  rounds  for  acceptance^  t£e  PitCh  °£  tHe  r'~ 
feed  system  loop  for  restowage  in  H,!  i 1 the  Upper  Porti°n  of  the 

the  conveyor  elements  in  the^ooD  conf  i 0gaZ*”e*  ^ Slde  CamS  controlling 
have  been  tailored  to  mLlmite  cLin  hon  a^d  " “OU"d  0,6  drlve  “Ptocket? 
effects.  These  effects  are  nar-n  i P nd  acceleration-deceleration 

veyors  running  on  sprockets  wit^small  numj8"”1.' ““  ln  large  pitCh 
these  cams  to  the  conveyor  config'ratJonT^de  fte“h-  Tall°rInS  of 
Of  conveyor  and  rounds,  from  a straight  li  r t eS.fora  smoot"h  transition, 
the  shock  loads  on  the  conveyor  as  if « „f  <‘nd  redUCCS 

- oi  is  a“  *- 

conveyor  drive  sprocket  shaft  will  spur  §aar  fixed  outboard  on  the 
fixed  to  the  upper  a^d^ Cel  t^f^E*  tW°ideatlcal  Spur  gears 
drive  sprocket,  containing  six  cavities  sprocket  drive  shafts.  The 
made  of  hardened  steel.  fcl  * and  a11  8uldes  and  cams  are 

The  steel  drive  sprocket  shaft  -to  hoii 

utilization  of  maxVu/Lte^al eff£™e“d  ^ “elght  red“ctl°"  a"d 
The  drive  shaft  is  supported  bv  ball  uQO,..i 

for  protection  from  contaminants.  All  otherVqUlPPed  Wlth  double  seals 
made  of  aluminum  for  weight  reduction  °™Ponents  in  this  unit  are 

possible,  between  the  magazine  turnarii  a °nalify  °f  parts,  wherever 
unit  will  be  utilized  to  reduce  systen^osts  ***  turnaround 
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Figure  11.  Weapon  Turnaround  Unit 
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2.3.8  SYSTEM  CONVEYORS 
2. 3.8.1  STORAGE  CONVEYOR 

The  magazine  storage  conveyor  system  consists  of  326  conveyor  elements 
(Figure  12)  joined  together  to  form  a continuous  loop  in  each  magazine  bay 
Each  conveyor  element  is  designed  to  insure  that  direct  handling §of  the 

in  thrLUn  7 ®prock^ts  or  guides  is  avoided  wherever  possible.  It  is  only 
in  the  areas  where  the  conveyor  element  is  extended  that  the  rounds  will 
come  in  direct  contact  with  guide  surfaces. 

The  conveyor  belt  pitch  has  been  maintained  at  a minimal  pitch  of  1 875 
nches  to  achieve  maximum  magazine  capacity  and  low  belt  speeds.  This 
technique  results  in  lower  power  levels  and  minimal  wear.  ?The  conveyor 
elements  are  constructed  from  A357-T61  aluminum  investment  castings. 

The  conveyor  elements  have  cylindrical  ends,  1.870  inches  in  diameter  with 
cast-in-place  links.  A rigid  spine  laterally  connects  the  ends  of  the 

throughout  th1118618  thlS  Splne  ret3in  the  rounds  and  emPty  cases 

throughout  the  system  except  in  the  aforementioned  guide  areas.  Y 

Lateral  positioning  of  the  rounds  and  cases  in  the  conveyor  elements  is 

accomplished  by  a cast  radial  protrusion,  connected  to  the  butt cylindrical 
end  and  spine,  matching  the  case  extractor  groove.  cylindrical 

Round  contact  points,  with  the  conveyor  elements,  are  at  the  case  extract-nr 
groove,  in  the  shoulder  area  of  the  co.se,  and  at  the  projectile  Fun 
rounds  are  supported  by  the  extraction  groove  and  the  projectile  The 

“rL“Le:rareTrppred,by,Hthe  exEracti°n  8r°°v*  ^ ‘21^. 

acco™°da«  ; J s„eu\t  H “ 'T"  ript  is  siightiy  °VerSlZe  “ 
liftino  of  rh0  t Tf  “ring-  The  sPinf-  13  contoured  to  allow  for 

ng  of  the  round  from  the  conveyor  elements  by  guide  fingers  located 

area'  £°r  transfer  expiderspLckets  d 

colfy°orrr:L"„tsf.emPty  fr°"  PUCh  “’“d“  •*"*•«*  the  ’ 

Mrthrnl”5  °£  tl“  COnVeyor  Oements  is  limited  to  the  pitch  centers  links 
333  to° 'ZZTJLr 

srde  panel  of  each  magatine  bay.  This  feature  completely  controls  the 

eliminating  all  dependency  upon  link  toggle  effects.  ’ 

L-shaped  connecting  pin.-  of  aluminum  bronze  are  used  for  iniMno  . 
conveyor  elements  The  nine  u n , tor  J01ning  successive 

inch  y . ihe  Plns  are  hollow  with  an  internal  diameter  of  0 189 

conve  **'°™«*™*  Pins  are  alternately  extended  at  each  end  of  the 
y r element  throughout  the  entire  loop.  This  necessitates  t-hat- 

SS«2 
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This  is  accomplished  by  opening  of  the  magazine  reloading  access  panel 
and  moving  the  telescopic  guides  aft  with  respect  to  the  magazine.  This 
removes  all  conveyor  guide  features  in  the  reloading  access  area. 

A standard  0 . 188-inch-diameter  quick  release  pin  inserted  through  the 
centers  of  the  connecting  pins  of  one  conveyor  element  acts  as  a pin  puller 
breaking  the  conveyor  loop  at  that  point. 

The  entire  conveyor  loop  can  now  be  removed  from  the  system  intact  by 
manual  operation  of  the  magazine. 

2. 3. 8. 2 WEAPON  INTERFACE  CONVEYOR 

The  primary  function  of  the  weapon  interface  conveyor  is  to  transport  rounds, 
upon  weapon  demand,  from  the  magazine  turnaround  unit  to  the  weapon  turn- 
around unit.  In  addition,  the  conveyor  provides  for  the  return  of  spent 
cases  and  unfired  rounds  to  the  magazine  for  restowage.  In  each  of  these 
instances,  the  conveyor  is  capable  of  performing  these  functions  at  a 
maximum  6000  shots/minute  rate. 

The  conveyor  consists  of  a continuous  series  of  articulated  links,  each  of 
which  has  been  so  designed  as  to  cradle  the  round  rather  than  grip  it.  The 
individual  links  are  connected  by  a series  of  local  protrusions  positioned 
on  the  external  side  walls  of  each  link.  These  protrusions,  when  joined, 
form  an  effective  clevis-type  arrangement  through  which  a threaded  stud 
is  inserted.  This  configuration  permits  the  studs  to  act  in  double  shear, 
thus  reducing  the  bending  loads  to  an  insignificant  level.  In  addition,  a 
spherical  bearing  has  been  incorporated  into  each  of  these  clevis  arrange- 
ments to  permit  sufficient  flexibility  as  the  conveyor  undergoes  fan,  rolls, 
and  twists  during  its  operational  cycle. 

Each  link  has  been  designed  to  insure  control  of  the  conveyor  as  it  is 
translated  through  the  flexible  chutes  and  turnaround  units.  This  control 
is  accomplished  by  the  addition  of  guide  feet  located  at  either  end  of  the 
link.  These  guide  feet,  when  inserted  into  a mating  set  of  guide  tracks 
and  supported  by  guide  fingers  in  each  of  the  three  units,  guarantee  both 
vertical  and  lateral  control  of  the  conveyor. 

The  conveyor  links  are  constructed  from  a high  strength  steel  investment 
casting.  This  casting  design  not  only  incorporates  the  previously  mentioned 
protrusions  and  guide  feet  but  also  provides  three  guides  which  effectively 
support  and  control  the  rounds  and  cases.  One  guide  engages  the  round 
extractor  groove  while  the  other  two  cradle  the  cartridge  neck  and  projectile 
nose.  The  guide  at  the  cartridge  neck  is  oversize  so  that  a complete  round 
is  cradled  at  the  extractor  groove  and  at  the  projectile.  The  empty  cases 
are  supported  at  the  neck  with  the  case  swell  due  to  firing  partially  com- 
pensating for  the  clearance  machined  into  the  link. 

In  order  that  the  rounds  and  cases  may  be  smoothly  transferred  in  the  two 
turnaround  units,  two  rectangular  slots  have  been  integrally  cast  in  each 
of  the  conveyor  links.  These  slots  permit  the  insertion  of  guide  fingers 
which  insure  a smooth  insertion  or  extraction  between  the  round  and  the 
conveyor  element. 
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SYSTEM  CHARACTERISTICS 


3.1  POWER  REQUIREMENTS 

The  estimated  power  required  to  drive  the  25mm  LLFS  at  6000  SPM  is  29.6  HP. 
The  predicted  peak  power  necessary  to  accelerate  to  6000  SPM  in  0.4  second 
is  40.9  HP.  The  peak  power  figure  is  the  sum  of  the  steady  state  power  at 
6000  SPM  and  power  based  on  the  product  of  the  average  torque  associated 
with  system  acceleration  and  rotational  velocities  at  6000  SPM.  This 
method  of  deriving  power  is  judged  to  yield  a reasonable  peak  value.  However, 
the  actual  peak  power  would  be  expected  to  occur  at  a firing  rate  less  than 
steady  state. 

The  power  estimates  are  based  on  a friction  coefficient  of  0.3  for  the 
ammunition  aluminum  cases  in  contact  with  the  feed  and  storage  system  guides 
and  cams.  A friction  coefficient  cf  0.2  has  been  used  for  all  other  surface 
contact  points.  These  friction  coefficients  are  slightly  higher  than  ex- 
pected actual  values.  The  larger  values  were  used  to  compensate  for  some 
of  the  losses  due  to  dynamic  loadings  which  were  impractical  to  calculate 
directly. 

The  majority  of  the  steady  state  losses  are  due  to  friction  generated  by 
centrifugal  loads  in  sprocket  areas  and  drag  associated  with  the  steady 
state  inertial  loading.  The  power  estimate  in  this  report  is  based  on  an 
1-g  loading.  Other  steady  state  losses  are  due  to  round  pitch  expansion 
and  translation  of  rounds  in  the  combining  unit.  The  major  loss  in  the 
magazine  is  friction  generated  by  centrifugal  force  at  the  guides  around 
the  sprockets.  Losses  due  to  drag  on  round  guides  in  the  pitch  expander 
are  about  twice  the  power  required  to  expand  the  round  pitch.  The  power 
necessary  to  handoff  the  rounds  from  the  combining  unit  to  the  Weapon 
Interface  Unit  is  slightly  more  than  the  power  necessary  to  combine  the 
rounds.  Friction  losses  on  the  round  guides  consume  the  majority  of  the 
power  in  the  Weapon  Interface  Unit,  A breakdown  of  the  estimated  power 
requirements  for  each  subsystem  is  given  in  Table  5 of  this  report. 

The  primary  drive  gear  requirements  and  the  gear  capabilities  are  tabulated 
in  Table  6. 

The  maximum  horsepower  requirements  for  the  system  are  based  on  the  maximum 
accelerating  torques  at  rated  system  speeds.  The  steady  state  horsepower 
requirements  are  based  on  constant  rate  operation  of  a fully  loaded  system. 

The  gear  capabilities  of  the  primary  drive  gears  are  predicated  on  the  beam 
bending  strength  with  respect  to  maximum  horsepower  capacity  and  tooth 
wear  capacity  with  respect  to  steady  state  requirements.  A minimum  life 
equivalent  to  a million  rounds  is  maintained  in  the  system.  The  remaining 
gears  in  the  system  are  sized  to  maintain  compatible  capabilities  with  the 
primary  drive  components. 
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TABLE  5.  SYSTEM  POWER  REQUIREMENTS 


SUBSYSTEM  STEADY  STATE 

HP 


Magazine 

Combining  Unit /Pitch 
Expander 

Weapon  Interface  Unit 

Drive  Train  Losses 

O Magazine  at  65  percent 
efficiency 

• Combining  Unit/Pitch 
Expander  at  80  percent 

• Weapon  Interface 
Unit  at  85  percent 


Total  System  Power 


TABLE  6.  DRIVE  TRAIN  POWER  CAPABILITY 


Primary  Drive 

Combining  Unit/Inter- 
face Unit  Drive 

Combining  Unit  Drive 


Drive 


GEAR 

CAPACITY 

PEAK  HP 

STEADY  STATE 
HP 

GEAR-MESH 
LIFE -ROUNDS 

36  HP 

13.65 

t 

11.8 

> io6 

43  HP 

40.9 

29.6 

> io6 

36  HP 

16.63/Mesh 

11.9/Mesh 

> io6 

39  HP 

13.63/Mesh 

8. 9 /Mesh 

> io6 

30  HP 

19.64 

12.05 

> io6 

All  primary  drive  shafts  are  capable  of  delivering  in  excess  of  50  HP. 
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3 . 2 RELOADING/UNLOADING 


Reloading  and  unloading  of  the  system  is  accomplished  through  utilization 
of  a reloading  unit  (AGE  equipment).  The  reloading  unit  has  a multiple 
sprocket  arrangement  driven  from  the  magazine  spur  gear  located  at 
W.L.  98.152  and  B.L.  11.669  and  spans  the  width  of  both  magazine  bays 
allowing  loading  or  unloading  of  both  bays  simultaneously.  Utilization 
of  this  method  attains  minimum  turnaround  time. 

The  reloader  unit  contains  the  cams  and  guides  required  to  remove  and 
insert  rounds  into  the  unfolded  conveyor  as  it  crosses  the  bottom  of  the 
magazine.  The  lower  round  guides  in  the  area  of  the  reloading  access  port 
cover  are  telescopic.  This  design  allows  for  the  individual  removal  of 
four  rounds  in  each  magazine  bay  required  for  installation  of  the  reloading 
unit  to  the  magazine. 

Two  separate  ammunition  belts  are  fed  into  the  lower  reloaier  feed  throats; 
the  rounds  are  stripped  from  the  links  by  the  reloader  sprocket  arrangement 
and  are  guided  into  the  magazine  conveyor  elements.  The  links  are  ejected 
at  the  lower  portion  of  the  reloader  along  with  cases  and  dud  rounds  re- 
moved from  the  magazine. 

To  initially  load  the  system: 

1.  Lock  weapon  bolt  in  rear  position. 

2.  Open  magazine  reloading  access  port  cover. 

3.  Move  telescopic  round  guides  in  the  access  port  cover  area 
aft  with  respect  to  the  magazine. 

4.  Attach  reloader  to  magazine  using  quick  release  pins. 

5.  Insert  two  separate  ammunition  belts  into  the  reloader  feed 
throats . 

6.  Operate  system  in  reverse  feed  direction  at  approximately 

150  to  200  SPM  rate  until  a live  round  exits  from  each  reloader 
debris  throat.  All  conveyor  elements  in  the  system  will  now 
contain  live  rounds.  (Operating  the  system  in  reverse  feed 
direction  minimizes  the  number  of  live  rounds  passing  through 
the  weapon.) 

7.  Detach  reloader  from  magazine. 

8.  Insert  four  rounds  individually  into  the  empty  conveyor 
elements  in  the  reloading  access  area  of  each  bay,  moving 
the  telescopic  guides  forward  as  the  rounds  are  inserted, 

9.  Close  magazine  reloading  access  port  cover. 

To  reload  the  system; 

1.  Lock  weapon  bolt  in  rear  position. 

2.  Open  magazine  reloading  access  port  cover. 

3.  Operate  system  at  approximately  50  to  100  SPM  rate  in  reverse 
feed  direction  until  the  last  live  rounds  in  the  system  are 
positioned  at  the  aft  end  of  the  telescopic  guides  in  the 
reloading  access  port  area. 

4.  Move  telescopic  round  guides  aft,  with  respect  to  the 
magazine,  individually  removing  four  empty  cases  or  dud 
rounds  from  each  magazine  bay. 
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5.  Attach  reloader  to  magazine  using  quick  release  pins. 

6.  Insert  two  separate  ammunition  belts  into  the  reloader 
feed  throats. 

7.  Operate  system  in  reverse  feed  direction  at  approximately 
150  to  ?00  SPM  rate  until  a live  round  exits  from  each  re- 
loader  debris  throat.  All  conveyor  elements  in  the  system 

now  contain  live  rounds.  (Operating  the  system  in 
reverse  feed  direction  minimizes  the  number  of  live  rounds 
passing  through  the  weapon.) 

8.  Detach  reloader  from  magazine. 

9.  Insert  tour  rounds  individually  into  the  empty  conveyor 
elements  in  the  reloading  access  area  of  each  bay,  moving 
the  telescopic  guides  forward  as  the  rounds  are  inserted. 

10.  Close  magazine  reloading  access  port  cover. 

To  unload  the  system: 

1.  Lock  weapon  bolt  in  rear  position. 

2.  Open  magazine  reloading  access  port  cover. 

3.  Move  telescopic  round  guides  aft,  with  respect  to  the 
magazine,  individually  removing  four  empty  cases,  dud 
rounds,  or  live  rounds  from  each  magazine  bay. 

4.  Attach  reloader  to  magazine  using  quick  release  pins. 

5.  Operate  system  in  forward  feed  direction  at  approximately 
150  to  200  SPM  rate  until  all  empty  cases,  dud  rounds,  and 
live  rounds  have  exited  from  the  reloader.  The  system 

is  completely  unloaded  at  this  point.  (Operating  the  system 
in  forward  feed  direction  minimizes  the  number  of  live 
rounds  passing  through  the  weapon.) 

6.  Detach  reloader  from  magazine. 

7.  Close  magazine  reloading  port  cover. 

3.3  WEIGHT 

System  component  weight  estimates  listed  in  Tab1*  7 are  based  on  the  detail 
and  layout  drawings  developed  during  the  program.  The  predicted  system 
weight  of  486  pounds  (less  ammunition)  exceeds  the  373  pounds  value  stated 
in  the  Emerson  proposal,  Report  No.  NB-4833-014-1. 

3.4  RELIABILITY 
3.4.1  MAGAZINE 

The  inherent  reliability  that  existed  in  the  originally  proposed  25mm 

magazine  design  was  further  enhanced  by  the  following  significant  design 
revisions:  6 

a.  Relocation  of  both  upper  and  lower  main  magazine  drive  gear  boxes  to 
the  center  web  location,  thereby  eliminating  unnecessary  part  redundancy 
and  minimizing  shaft  wind-up. 

b.  Replacement  of  all  power  transmission  chains  with  minimum  backlash  gears 
of  greater  capacity  and  utilizing  a single  rigid  drive  shaft  to  trans- 
fer power  from  the  upper  magazine  gear  box  to  the  lower  magazine  gear 
box.  Design  of  this  shaft  assures  maximum  torsional  stiffness  at  a 
minimum  practical  weight. 
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TABLE  7.  25MM  LLFS  WEIGHT  SUMMARY 


TOTAL  SYSTEM  (Less  Ammunition) 


MAGAZINE  ASSEMBLY 


• Structure 


• Gears 


• Sprocket  Assemblies 

• Shafts 

• Bearings 

• Roller  Chain 

• Push  Rods 

• Conveyor 

COMBINING  UNIT/PITCH  EXPANDER 

• Structure 

• Drive  Components 

• Conveyor 

• Pitch  Expander 

• Cams  and  Round  Guides 

• Miscellaneous 
WEAPON  INTERFACE  UNIT 

• Weapon  Turn-around 

• Magazine  Turn-around 

• Conveyor 

• Flex  Chute  Assembly 


]| 


c.  Incorporation  of  internal  gear/external  shaft  splines  such  that  exact, 
repeatable  intra-bay  and  bay-to-bay  conveyor  timing  is  possible. 

d.  Introduction  of  special  guide  extrusions  for  carriers  and  carrier  drive 
chain  which  greatly  influences  magazine  integrity  and  stiffness  with 
minimum  weight  penalty. 

e.  Addition  of  large,  non-structural  access  openings  on  the  forward  and 
aft  faces  of  the  magazine  to  aid  in  inspection  and,  if  need  be, 
minor  jam  clearance. 

f.  With  respect  to  overall  magazine  weight,  the  design  and  selection  of 
components  within  the  upper  and  lower  main  magazine  gear  boxes  and  all 
major  sprocket  drive  shafts  are  conservatively  designed  since  these 
parts  are  generally  the  least  accessible  when  the  magazine  is  fully 
assembled . 

g.  Elimination  of  periodic  lubrication  requirements  within  the  magazine 
and  the  main  magazine  drive  train  and  gear  box  assemblies  by  the  use 
of  sealed  and  permanently  lubricated  bearings,  permanently  lubricated 
chain,  and  extreme  pressure  lubricants  within  the  upper  and  lower 
magazine  drive  gear  boxes. 

h.  Incorporation  of  reloading  provisions  concurrent  with  development  of 
the  basic  magazine  design  philosophy  to  preclude  potential  problems 
and  reduction  of  inherent  reliability  if  this  feature  were  added  on 
at  a later  date  in  the  design  cycle. 

i.  Continued  use  of  hardened  steel  guides,  originally  developed  during 
the  GAU-8/A  program  design  phase  and  proven  during  subsequent  testing, 
which  resist  adverse  wear  for  extended  periods  and  are  readily  re- 
placeable when  required. 

j.  Optimization  of  carrier  elements  with  respect  to  minimum  weight  com- 
mensurate with  required  stiffness  such  that  the  round  is  completely 
controlled  and  protected  from  damage  during  storage  and  movement  to 
the  hand-off  position.  Equal  control  and  protection  is  afforded 
unfired  rounds  and  spent  cases  returned  from  the  gun. 

k.  Incorporation  of  aluminum  bronze  carrier  belt  connecting  links  which 
allow  the  required  belt  flexibility  and  also  serve  as  guide  pins  for 
the  carrier  belt  as  it  progresses  through  the  magazine,  thereby 
eliminating  the  requirement  for  lubrication  in  this  area.  The  com- 
patibility of  aluminum  bronze  with  other  materials  and  ambient  in- 
service  environments  assure  reliable  performance  of  carrier  belt 
assembly. 

l.  Completion  of  an  exact  throat  geometry  analysis  assuring  minimum 
practical  carrier  (round)  accelerations  and  loads  during  each  unfolding/ 
refolding  process.  The  basic  design  philosophy  employed  for  the 

25mm  magazine  has  Seen  demonstrated  during  GAU-7/A  testing  to  be 
adequate  at  the  3u  0 spm  rate.  The  addition  of  carrier  guidance  par- 
ticularly around  the  folding  sprockets  assures  the  reliable  unfolding- 
folding at  each  end  of  each  vertical  ammunition  column  and  significantly 
reduces  the  likelihood  of  jams  and/or  high  power  consumption  when  com- 
pared to  the  GAU-7/A  magazine. 
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3.4.2  PITCH  EXPANDER/ COMBINING  UNIT 


The  pitch  expander  portion  of  the  pitch  expander/combining  unit  builds  upon 
the  proven  reliability  of  the  GAU-8/A  pitch  expanders.  Improvements  which 
increase  the  reliability  of  the  established  design  include: 

a.  Automatic  timing  of  the  pitch  ex pander /combining  unit  to  the  magazine 
at  installation. 

b.  Precise  round  pitch  and  velocity  match  with  the  magazine  as  to  minimize 
round  acceleration/deceleration  and  adverse  loading  at  the  magazine- 
pitch  expander  interface. 

c.  Precise  round  pitch  and  velocity  match  with  the  combining  unit  conveyor 
assembly  to  assure  a smooth  flow  throughout  the  combination  sequence. 

d.  Full  use  of  hardened  steel  guides  to  reliably  maintain  round  control  at 
all  times  in  all  attitudes. 

e.  Conservative  gear,  cam,  sprocket,  and  conveyor  component  design  within 
reasonable  weight  constraints  to  assure  long  reliable  unit  life. 

f.  Application  of  lubricated-for-life  and  self-lubricating  components  to 
reduce  or  eliminate  required  routine  maintenance  tasks. 

g.  Increase  of  critical  cross-sections  principally  in  the  area  of  the  ex- 
panding sprockets  and  sprocket  guides  such  that  stiffness,  strength, 
and  consequently  reliability  are  greatly  enhanced  at  minimal  weight 
penalty. 

h.  Employment  of  precision  minimum  backlash  gearing  to  assure  smooth,  re- 
liable operation  in  either  direction  with  an  absolute  minimum  of  lost 
motion  within  the  pitch  expander  and  at  the  point  of  power  transfer 

to  the  magazine. 

The  combiner  portion  of  the  pitch  expander/combining  unit  mechanically  trans- 
lates the  outputs  of  two  separate  and  distinct  magazine  bays  and  two  sets 
of  expander  sprockets  into  a single  stream  of  ammunition  moving  in  time 
with  the  weapon  at  weapon  firing  rate  and  capable  of  operation  at  this  rate 
in  either  direction.  As  such,  this  portion  draws  upon  design  experience 
and  test  results  gained  from  design,  fabrication,  and  functional  test 
during  an  in-house  research  and  development  project.  The  reliability  in- 
herently available  in  this  design  is  achievable  due  to: 

a.  Round  control  in  which  the  round  or  spent  case  is  completely  cradled 
and  touched  only  locally  by  cover  mounted  rub  strips. 

b.  Conservative  derating  of  drive  components  within  weight  constraints  such 
that  driving  belt  stretch  is  not  sufficient  to  cause  loss  of  system 
timing . 

c.  Smooth  translating  cam  paths  which  limit  acceleration  loads  imposed  on 
the  rounds  to  less  than  15  percent  of  maximum. 
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d.  Design  compatibility  with  the  next  interfacing  unit  (magazine  turn- 
around unit)  such  that  round  pitch  and  velocity  between  the  two  units 
exactly  match. 

e.  Use  of  lubricated-for-life  or  self-lubricating  components  to  reduce  or 
eliminate  required  lubrication-type  maintenance. 

3.4.3  WEAPON  INTERFACE  UNIT 

The  magazine  turnaround  and  weapon  turnaround  portions  of  the  Weapon  Inter- 
face Unit  like  several  other  major  assemblies  in  the  25mm  Storage  and  Feed 
System  build  upon  design  and  operational  experience  gained  from  the  GAU-8/A 
Feed  and  Storage  Subsystem  program.  Several  additional  features  have  been 
incorporated  in  the  design  of  these  25mm  turnaround  units  which  assure 
high  reliability  throughout  their  useful  life  are  enumerated  below: 

a.  Precise  round  pitch  and  velocity  match  at  the  combiner  interface  (weapon 
interface)  round  (spent  case)  transfer  is  smooth  and  without  excessive 
acceleration/ deceleration . 

b.  Automatic  timing  of  the  magazine  turnaround  at  installation  with  the 
combiner. 


c.  Conservatism  in  the  design  of  all  gears,  cams,  sprockets,  and  conveyor 
components  within  reasonable  weight  constraints. 

d.  Use  of  self-lubricating  or  lubricated-for-life  components  to  reduce  or 
eliminate  required  routine  maintenance. 

e.  Full  use  of  hardened  steel  guides  to  reliably  maintain  round  control 
during  transfer,  pitch  expansion,  and  insertion  into  the  conveyor 
assembly . 

f.  Use  of  precision  minimum  backlash  gearing  to  assure  smooth  reliable 
operation  in  either  direction  with  an  absolute  minimum  of  lost  motion. 

g.  Incorporation  of  internal  gear/external  shaft  splines  such  that  exact 
sprocket- to-sprocket  and  sprocket-to-conveyor  timing  is  possible. 

The  remaining  portions  of  the  Weapon  Interface  Unit,  namely  the  flexible 
chutes  and  conveyor  elements,  are  essentially  identical  to  components  used 
successfully  on  the  GAU-8/A  Feed  and  Storage  Subsystem  design.  As  such,  the 
reliability  of  these  items  can  be  estimated  with  a fair  degree  of  confidence. 
Application  differences  which  mitigate  established  reliability  numbers  are 
enumerated  with  the  items. 

Flexible  Feed  and  Return  Chutes: 

a.  Round  control  in  conjunction  with  the  conveyor  element  is  such  that  the 
round  is  subject  to  minimal  rubbing  contact  within  the  chute.  In  this 
manner  the  chutes  are  in  identical  applications  with  the  GAU-8/A. 

b.  Reliability  is  enhanced  by  the  fact  that  in  the  25mm  application  the 
chutes  are  essentially  straight  and  subject  to  little  flexing.  Previous 


applications  in  this  area  demonstrate  adequacy  in  the  area  of  weapon 
interface  as  regards  shock  loading  and  acoustic  vibration.  Failure 
rate  of  less  tnan  ten  stoppages  per  million  rounds  passed  is  expected. 

c.  Useful  chute  life  is  expected  to  be  50,000  rounds  passed  minimum. 

Conveyor  Elements: 

a.  Round  control  in  conjunction  with  the  flexible  feed  chutes  is  adequate 
for  the  application. 

b.  Reliability  of  the  conveyor  element  is  increased  above  that  demonstrated 
during  GAU-8/A  testing  due  to  straight  direct  runs  of  the  flexible 
chuting  and  the  incorporation  of  articulation  capability  within  the 
link  itself  eliminating  the  requirement  for  additional  pieces.  Failure 
rates  of  less  than  three  stoppages  per  million  rounds  transported  is 
expected. 

c.  Useful  conveyor  element  life  is  expected  to  be  100,000  - 150,000  rounds 
minimum . 

3.5  MAINTAINABILITY 

In  view  of  the  increased  emphasis  on  minimal  life-cycle  costs  and  the  impact 
of  both  preventive  and  corrective  maintenance  of  any  item  on  the  total  system 
cost  to  maintain,  certain  items  and  design  features  have  been  incorporated 
to  make  the  25mm  Linear  Linkless  Feed  System  (LLFS)  more  reliable  and  thus 
greatly  reduce  its  required  scheduled  maintenance.  An  added  benefit  is 
increased  subsystem  availability  with  consequently  greater  mission  dispatch 
potential.  Examples  of  reduced  maintenance  requirements  as  a result  of 
good,  design  practice  are  enumerated  below: 

a.  Extensive  use  of  permanently  lubricated  bearings,  chain,  and  other 
components  eliminates  the  requirement  for  periodic  scheduled  flight 
line  or  organizational  maintenance  for  subsystem  lubrication. 

b.  Conservative  components  selection/design  eliminates  many  preventative 
maintenance  part  removal/replacement  procedures.  For  example,  where- 
ever  possible,  bearings  were  selected  so  that  nominal  expected  life  is 
200  hours  or  approximately  7.5  million  rounds. 

c.  Extensive  use  of  internal  gear  and  sprocket  external  shaft  splines  to 
allow  establishment  of  exact  system  timing  at  initial  assembly  also 
provides  for  relatively  simple  and  straightforward  reassembly  in  the 
timed  state  after  field  maintenance. 

d.  Time  required  for  subsystem  installation  is  greatly  reduced  due  to  the 
incorporation  of  Go/No-Go  features  at  each  interface.  In  short,  if  the 
interface  is  accomplished,  no  time  is  spent  in  performing  timing  veri- 
fication procedures.  This  feature  achieves  great  importance  when 
viewed  in  the  area  of  normal  airframe  clearances,  system  orientation, 
and  placement  which  could  very  well  preclude  visual  as  well  as  manual 
access  in  order  to  assure  a timed  condition  at  assembly. 


Considering  the  above  major  features  of  the  25mm  LLFS , the  following 
preliminary  maintenance  concept  is: 

1.  No  daily  preventive  maintenance  other  than  that  directly  associated 
with  load/download  procedures.  Normal  accomplishment  of  loading  or 
downloading  procedure  would  assure  operational  availability  of  the 
subsystem. 

-.  Scheduled  preventive  maintenance  tasks  to  be  performed  by  organizational 
level  personnel  and  frequency  of  performance  are  as  follows: 

a.  Magazine  - 

Every  15,000  rounds  - Thorough  inspection  utilizing  minimal 
tooling  to  verify  operational  availability. 

Every  30,000  rounds  - Normal  15,000-round  inspection  plus  replace- 
ment of  carrier  belt  connecting  links. 

b.  Pitch  Expander/Combining  Unit  - Every  25,000  rounds  - thorough 
inspection  utilizing  minimal  tooling  to  verify  operational 
availability. 

Every  50,000  rounds  - Normal  25,000-round  inspection  plus  partial 
disassembly  to  inspect  all  cam  and  guide  surfaces,  round  carriers 
and  conveyor  chain  elements.  ’ 

c.  Weapon  Interface  Unit  - Every  25,000  rounds  - thorough  inspection 
utilizing  minimal  tooling  to  verify  operational  availability. 

Some  disassembly  is  required  to  allow  complete  inspection  of 
flexible  feed  chute  frames  and  conveyor  elements. 

Every  50,000  rounds  - Normal  25,000-round  inspection  plus  normal 
chute  frame  and/or  conveyor  element  replacement  as  required. 

3.  Scheduled  preventive  maintenance  tasks  to  be  performed  at  the  inter- 
mediate level  and  their  frequencies  are: 

a.  Magazine  - Every  60,000  rounds  - partial  teardown  and  thorough 
interior  inspection  excluding  center  web  gear  boxes.  At  this  level 
the  carrier  connecting  links  are  replaced  and  carrier  lifting  tubes 
and  chain  are  repaired  or  replaced  as  required.  Guide  surfaces 

are  replaced  as  required. 

b.  Pitch  Expander/Combining  Unit  - Every  100,000  rounds  - complete 
teardown  and  thorough  inspection  replace  conveyor  parts,  guide 
surfaces. 

c.  Weapon  Interface  Unit  - Every  100,000  rounds  - replace  all  flexible 
feed  chutes  and  all  conveyor  elements.  Guide  and  cam  surfaces  are 
replaced  as  required. 

4.  Scheduled  preventive  maintenance  tasks  to  be  performed  at  the  depot  level 
are  undefined  at  this  time  subject  to  the  results  of  a cost-effect  study 
which  is  beyond  the  scope  of  the  present  25mm  LLFS  contract. 
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APPENDIX  A 


MAGAZINE  THROAT  GEOMETRY 


The  program  was  developed  to  determine  individual  round  position,  velocity, 
and  acceleration,  thereby  providing  an  evaluation  of  the  design  geometry. 
The  inputs  to  the  program  are  the  following: 

LI  - Round  center-to-center  distance,  equivalent  to  folding  sprocket 
pitch  radius. 

L2  - Folding  sprocket  center  to  chain  drive  center  distance  (Y  - direc- 
tion) . 

HI  - Distance  from  folding  sprocket  center  to  round  center  when  on  the 
vertical  inboard  track  (x  - direction) . 

H2  - Distance  from  folding  sprocket  center  to  round  center  when  on  the 
vertical  outboard  'rack  (x  - direction) . 

R1  - Radius  of  major  inner  track  transition  element  of  folding  throat 
(i.e.,  folding  sprocket  to  inner  vertical). 

R2  - Radius  of  outer  track  transition  element  of  folding  throat. 

TA  - Timing  angle  difference  between  folding  sprocket  and  drive  chain 
sprocket  (i.e.,  position  of  drive  chain  pin  for  next  round 
engagement  when  round  on  fording  sprocket  is  at  180°) . 

R3  - Used  in  alternate  inner  throat  geometry,  transition  from  folding 
sprocket  to  straight  line  element. 
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R4  - Used  in  alternate  inner  throat  geometry,  transition  from  straight 
line  element  to  inner  vertical  track. 

M - Used  in  alternate  inner  throat  geometry,  slope  of  straight  line 
element . 

B - Used  in  alternate  inner  throat  geometry,  projected  intercept  of 
straight  line  element  in  y-axis. 

Start  Ang.  - Round  1 position  on  folding  sprocket  at  start  of  calcula- 
tion, typically  180°. 

Stop  Ang.  - Round  1 position  where  calculations  are  to  cease. 

Calc  Interval  - Increment  in  degrees  of  the  folding  sprocket  where 
position  data  are  to  be  calculated,  typically  1 . 

RPM  - Revolutions  per  minute  of  the  folding  sprocket. 

Print  Interval  - Interval  for  printing  results,  typically  5°. 
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The  initial  part  of  the  program  generates  all  relevant  geometry  data  such 
as  radii  centers,  intersection,  and  tangency  points. 

Position  of  each  round  is  then  calculated  and  utilized  in  the  solution  of 
velocity  and  acceleration  equations.  The  three-point  central  difference 
formula  is  used  for  the  differentiation. 

Except  for  one  round  in  the  folding  guide  area,  either  round  5 or  round  6, 
all  rounds  are  assumed  to  follow  the  defined  geometry.  The  position  of  the 
free  round  (i.e.,  round  5 or  6)  is  calculated  based  on  the  position  on 
its  adjacent  rounds.  This  position  can  then  be  compared  to  the  throat 
geometry  to  evaluate  the  adequacy  of  the  design. 
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10EDM 

20FREEIN 

30C 

40  Real  li*l2*m 

50  INTEGER  PR 

60  DOUBLE  PRECISION  P0SX,POSY*DT 
70  DIMENSION  VELX! 8 ) * VELY < 8 ) • ACCA! 8 ) * ACC Y! 8 ) 

BO  COMMON  P0SX!b*-l/l)*P0SY!8* -1/1)*L1#L2*PT! 5*6) >H 1 > H2> R 1 , R2* PI  * R 1 X, R 1 Y 

» 

904  R2X*R2Y,A0R*T 

1004, W*R4X,R4Y*R4*R3X>R3Y>  R3*M*  B 

1 1 0 TYPE  1000 

120  1 000  FORMAT! * ENTER:  L 1 * L2 * H 1 ,H2, R 1 * R2, TA * /) 

130  ACCEPT  ,L1,L2,H1,H2,R1,R2,TA 
140  TYPE  4000 

150  4000  FORMAT!  * ENTER:  R3 , R4, M> B * , / ) 

160  ACCEPT ,R3, R4,  M,B 
170  TYPE  1020 

180  1020  FORMAT!  * ENTER:  START  ANG,ST0P  ANG,  CALC  1 NTER VAL! DEG) , 
1904RPM,PRI NT  INTERVAL*/) 

200  ACCEPT  ,A0,AF,DEL,  RPM,  PR 

210  TYPE  1090 

220  1040  FORMAT!///) 

230  1050  FORMAT ! 2X  * *RND*,6X,  *X-P0S*,5X,  *Y-P0S*,5X,  *X-VEL*,5X,  'Y-VEL** 
2404  5A, ’X-ACC *,5X, * Y-ACC *) 

250  PI =3. 14159265 
260  RPD=0. 01 74533 
270C 

280C******  SET  LIMITS  4 DELTAS 

290C 

300  W=2.*PI*RPM/60. 

310  N=! AO-AF) /DEL 

320  A0R=! A0+DEL*2.)*RPD 

330  DT=DEL/! 6 .*RPM) 

340  T=DT*!-2.) 

350C 

360C*******  GEOMETRY  DEFINITION  - R1  4R2  CENTERS 

370C 

380  R 1X=R 1 +H 1 

390  R1Y=-S0RT! ! L 1 ♦R 1 ) **2 -R 1 X** 2 ) 

400  R2X=H2-R2 

410  R2Y=-SQRT! ! R2-L1 >**2-R2X**2) 

420  TYPE,R1X,R1Y,R2X,R2Y 
430C 

440C*******  R 1 4 R2  TANGENCY  POINTS 

450C 

460  TH  1X=H 1 
470  TH 1 Y=R 1 Y 

480  TPY1=R1Y-!R1Y*R1)/!R1  + L1) 

490  TPX1=R1X-!R1*R1X)/!R1+L1) 

500  X=ABS!TPY1/TPX1) 

510  ATPY 1 *ATAN!  X) 

520  TH2X*H2 
530  TH2Y  =R2Y 

540  TPX2=ABS!  R2X*! R2*L1 > /R2) -ABS! R2X) 

550  TPY2=ABS! R2Y*! R2+L1 ) /R2> -ABS! R2Y) 

560  ATPY2=ATAN! TPY2/TPX2) 
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570  PTC 1* 1 > = TPX  1 
580  PT < 1 *2) = TPY 1 

59 0C****** ******  K3  TANGENCY  POINTS 

600  R3H 1X=H  1 
620  R3X  =H  1 +R3 

630  R3H3X=R3X-R3*C0SC PI /2 • - ATANC M! ! 

640  R3H3Y  =M*R3H3X+B 

650  R3Y=-R3*SQRTC M**2  + 1 ) ♦M*R3X+B 

655  U3H 1 Y =R3 Y 

660  PT<  5* 1) =R3H1X 

670  PT < 5 #2 ) =R3H 1 Y 

680  PT < 4* 1) =R3H3X 

690  PT C 4*2) =R3H3Y 

695  T YPE*R3X*R3Y 

700C** **********  H3 ' - //  T 0 H3  PERPD • DIST. 

710  ANG=PI /2 .-ATANC M! 

720  E =K4/SI NC  ANG! 

730C********  INTERSECTION  0F  CIRCR1-R4!  WITH  H3 * 

740C  GIVES  CENTER  FOR  R4 

750  AA=R1X-C R1Y-B! /M 

760  ALPHA=ASI  N<  < AA/R  1)*SIN(  ATANC  Ml!  ! 

770  BETA=PI -<  ALPHA* AT  ANC  M!  ) 

780  R4X=R1X-CR1-R4)*C0SCBETA! 

790  R4Y=R1Y+CR1-R4)*SI NCBETA! 

795  TYPE*R4X*R4Y 

800C* *******  Rif  TANGENT  T0  H3 

810  B4=R4X/M*R4Y 

820  R4H3X  =<  B4-B) /<  M* 1 • /M) 

830  R4H3Y  =M*R4H3X*B 
840  PT C 3*  1 ) =R4H3X 
850  PTC3*2I =R4H3Y 

860C* *******  R4  TANGENT  T0  R1 

87  0 ALPHA=AT  ANC  ABSCR4Y-R1Y! /ABSC  R4X-R IX) ! 

890  R4R1X=R4X-R4*C0S< ALPHA! 

900  R4R1Y=R4Y*R4*SINC ALPHA! 

910  PTC2* 1 1 =R4R IX 

920  PT ( 2 #2 ) =R4R1Y 

921  D0  5 1 = 1*5 

922  TYPE*I*PTCI*1)*PTCI*2) 

924  5 CONTINUE 

930C 

940C******  POSITION  LIMITS  ON  R2  CORRESPONDING  TO 

9S0C  POSITIONS  ON  SPKT * R 1 , R4* H3* R3* & HI 

960  DO  800  1=1*5 

970  D=SQRTC  C PT C 1 1 1 ! -R2X)**2+C  PT< I » 2! -R2Y!**2! 

980  S=0.5*< L1+D+R2) 

990  R=SCJRTC  C CS-L1)*C  S-D)*C  S-R2!  ! /S! 

1000  ALPHA=2.*ATANCR/CS-L1!! 

1002  BETA* ATANC  ABSC  PTC  I *2! -R2Y) /ABSC PTC  I * 1) -R2X! ! 

1004  GAMMA=ALPHA+BETA 

1006  PTC  I *6) =R2Y  + R2*SI NC GAMMA! 

1008  PTC  1*5) =R2X*R2*C0SC GAMMA! 

1010  GAMMA=BETA-ALPHA 

1012  PTC  I *4) =R2Y  + R2*SINC GAMMA! 

1014  PTC  I *3) =R2X+R2*C0SC GAMMA! 

1016  IF  C PTCI *4! .GT .R2Y!  GOTO  790 
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lOlf? 

1020 
1022 
1024 
1 02  6 
1030 
1070 
109 OC ********* 
1 100C 


POSXC I - 1* 1) =PT< I*|) 

POSYC  1-1*1)  =P1  < I ,f>) 

CALL  FLAT<2*I -1,1) 

P I C I *3) =P0SAC i * 1 ) 

PTC  I *4)  =POSYC  1*1) 

790  TYPE*I*PfCI*3)*PTCI*4)*PlCI*S)*PlCI*6) 

800  CONTINUE 

PCS 1 1 I ON  CALCULATIONS 


1110 
1 120 
1 130 
1 140 
1 150 
1 160 
1 170 
1 180 


12  10 

1220 

123U 

124U 

1250 


DO  10  I =-  1 * 1 
DO  10  J= 1 *B 
POSXC J* I ) - ! 

POSYC J*I ) =1 
10  CONI  I NUE 
Df  500  I =1 1 * N+2 
1 sT+DT 

A0R=AOR-OEL*RPD 

1 190C'*********  DATA  SHIFT  LEFT 

1200  DO  20  J= 1 *8 

posac  j* -i)=pesA<j*o) 
PoSYCJ*-l)=PeSY<J*0) 

POSAC J*0) =POSA< J* 1) 

POSYC J*0) =P0SY  < J*  1) 

20  CONTINUE 

1 2 6 OC  ********* 

1270  CALL  ONSPKTC 1) 

1 28 OC ********** 

1290  POSXC  7* 1 ) =H 1 

13  00  P03YC7*  1)=L2-0.5*LI-C3.*L1*CTA/180 

13 ioc******  Round  2 

1320  I FC AOK-PI /3 .-Al Pr2)  40*30*30 
1330  30  CALL  0NSPK1C2) 

1340  00  10  50 

1350  40  CALL  0UTERCl*2) 

136 oc *******  round  3 

1370  50  I FC  AOft-2 •*Pl/3»+ATPYl)  70*60*60 

1380  60  CALL  ONSPKTC 3)- 

. 1390.  00  TO  80 

1400  70  CALL  I NNERC  2*3) 

1 4 1 OC  ************  ROUND  8 

1420  80  POSAC  8 , 1) =H2 
1425  P0SYC8* 1 ) =P0SYC 7* 1) -0.5*L1 


round 

Round  7 


ROUND  5 


1 43 OC *********** 

1440  CALL  OUTERC  3*4) 

145 OC ********* 

1460  CALL  I NNERC  4*5) 

147 OC ************ 

1480  CALL  FR0TRC6) 

1490  1090  FOHMATC /) 

I500C 

15  IOC*************** 

1520C 

1530  IFCI-2)  400*300*250 
1540  250  I FC I .EO.N+2)  GO  TO 
1550  IFCMM.NE.pR)  GO  TO  400 
1 56  OC 


300 


*PI  - AOR)  *0.5)  /PI 


ROUND 


ROUND 


VEL*  ACCEL*  & PRINT  LOGIC 


' — - 


ISBOC*************  , B ft0UNDS  1 THRU  8 NUMERICAL  SOLUTION 

1590  300  TDT=T-DT  3 ^ N1  CENTRAL  DIFFERENCE  FORMULA  & PRINT 

1600  MM=0 

16  10  AS=AOR/RPD+DEL 
1620  TYPE  1 070*  AS*  TDT 

i“S.!°70SKS»ri‘.f™“JET  ANGLE*  DEG)  > = * t F9  • A* 

1650  TV  PE  1050 
1660  DO  350  J=l,8 

1670  VELX<  J)  = < P0SX< J*  1 ) -P0SX< J* - 1 > ) /< 2*DT> 

1680  VELY'(J)=<p0St'<Jj  1)  -HidS't  <Jj-1))/(2*DT) 

:?oo  ; i i 

*720  IK 

1730  350  CONTINUE 
1740  400  MM=MM+ 1 
1750  500  CONTI NUE 
1760  TYPE  1040 
1770  END 

1780  SUBROUTINE  ONSPKT(N) 

1790  DOUBLE  PRECISION  P0SX*POSY*DT 
1800  REAL  L1*L2*M 

1810  CCMMON  P0SX<8* - 1 /l) ,P0SY<8* - 1/ 1), Ll*L2*PTY S ah 

1810A  !],'H^'R,'R2'P1'R,A'R,Y'R2^*R2Y,A0R,T 
1830&#  W*R4X*  R4Y  *R4*R3X*  R3Y  * R3 j m*B 

1840  GO  T0< 1 0*20*30) .»  N 

1850  10  A=A0R 

1860  GO  TO  40 

1870  20  A=A0R-PI/3 

1880  GO  TO  40 

1890  30  A=A0R-2*pi/3 

1900  40  P0SX<  N*  1 ) =L 1 ♦C  OSC  A) 

1910  POSY (Nj 1) =L1*SIN<A) 

1920  RETURN 

1930  END 

1940  SUBROUTINE  INNER<I,J) 

1950  DOUBLE  PRECISION  POSX*P0SY,DT 
1960  REAL  L 1 * L2*  M 

1970  COMMON  P0SX<8,-|/1>*P0SY<8*-1/1)*L1*L2*PT<S*A) 

1990^1  F < I *»LT  d ) ^GOTO  * ^00*  *,R2A,R2^#A®R'^'^'r^*',R,4Y*R4*R3x*R3Y*R3*m*B 


2°°°  IP<POSY<Ij l) «GE»PT<2*4)>  GOTO  110 
010  I F<  POSY  < I j l ) »GT  »PT  < 3»  4)  ) G010  140 

onon  1F<PysY< 1 * •> »GE.PT( 4*4) ) GOTO  130 
2030  I F<  POSY  <I«1)*GT*  PT (5*4))  GOTO  120 
2040  CALL  FLAT  < I * I * J ) 

2050  RETURN 

2060  100  IF<P0SYCI,1,.GE.PT<2,6))  GOTO 
1 P<  POSY  < I * 1) .CT  »PT<3*6>)  GOTO  140 
l^iPOSYd*  1)  .GE.PT<4*6>)  GOTO  130 
2090  IFCP0SYU  , 1)  .GT.PT<5*6))  GOTO  120 
2100  CALL  FLAT < 1*1, J) 

2110  return 

2120  1 10  RX=R1X 


GOTO  180 


2390 

2400 


2130  RY=R1Y 

2140  RR=R 1 

2150  GOTO  200 

2160  140  RY=R4Y 

2170  RX=R4X 

2180  RR=R4 

2190  G0T0  200 

2200  120  RY=R3Y 

2210  RX  =R3X 

2220  RR  = R3 

2230  GOT 0 200 

2240  130  Y A= 1 /<  ) + 1 

2250  YB=-2*CB/C  M**2 ) ♦POSXC  1,1)  /M+ POSYC  1,1)) 

2260  YC=CB**2)/CM**2)+2*B*P0SXCI,  D/M+POSXCI,  1 ) **2+P0SYC  I , l)**p 
2270*  -Ll**2 

2280  Y 1 = C -YB  + SQRTC  YB**2-4*YA*YC)  ) /(  2*Y  A) 

229  0 Y2=C -YB-SQRTCYB**2-4*YA*YC)  ) /C  2*YA) 

2300  I FC  I «GT • J) GOTO  170 
2310  IFCY1.GT.Y2)  G0T0  160 
2320  POSYC  J, 1) =Y  1 
2330  GOT 0 190 
2340  160  P0SYCJ, 1) =Y2 
2350  GOTO  190 

2360  170  IFCYl.LT. Y2)  G0T0  180 

2370  POSY  C J, 1) =Y2 

2380  GOTO  190 

2390  180  POSYC  J, 1 ) =Y 1 

2400  190  P0SXCJ,  1)=CP0SYCJ,1)-B)/M 

2410  RETURN 

2420  200  CONTINUE 

2430  D=SQRTC  C POSXC 1, 1)-RX)**2+CP0SYCI,  1) -RY ) **2) 

2440  S = 0 .5*C  LI +RR+D) 

2450  R=S(JRT CCCS-L1)*CS-RR)*CS-D))/S) 

2460  ALPHA  =2  .*  AT  ANC  R/CS-Ll)) 

2470  IFC1.GT.J)  GO  TO  10 

2480  beta=atan<  absc  crx-posxc i, i) ) /<  posy c i , d -ry) ) ) 

2485  IFC POSYC 1 , 1 ) .LT .PTC  4, 6) ) BETA=ATANC ABSC P0SYC  I , 1.  -RY)  / 

2486 A ABSC  POSXC  1,  D-RX)) 

2490  GAMMA=PI /2 . -ALPHA-BETA 

2495  IFC POSYC 1 , 1 ) .LT  .PTC  4, 6) ) GAMMA  = PI -ALPHA-BETA 
2500  GO  TO  50 

2510  10  IFCPOSYCI, 1) .LE.RY)  GO  TO  20 

2520  BETA=ATANC  ABSC  CP0SYCI,1)-RY) /C  RX -POSXC I , 1)))) 

2530  GAMMA=ALPHA*BETA 
2540  GO  T 0 50 

2550  20  BETA=ATANC ABSCC RY-POSYC  I , 1 ) ) /C RX-POSXC I, 1) ) ) ) 

2560  GAMMA= ALPHA- BETA 
2570  GO  TO  50 

2580  50  POSXC J,  1 ) =RX-RR*C0SC GAMMA) 

2590  P0SYCJ, 1)=RY  + RR*SINC  GAMMA) 

2600  RETURN 
2610  END 

2620  SUBROUTINE  0UTERCI,J) 

2630  DOUBLE  PRECISION  POSX,P0SY,DT 
2640  REAL  L1,L2,M 

2650  COMMON  POSXC 8 , - 1 / 1 ) , POSYC  8 , - 1 / 1 ) , L 1 , L2, PTC  5, 6 ) , 


2495  I F ( 
2500  GO 
2510  10 


■RY)  / 


1 


26604  Hl<H2<R|<R2<PI,RlX<RlY<R2X<R2Y<AGR<T<W<R4X<R4Y<R4<R-)X<RTy,R-*  M * 
2670  D-SeRTC<P0SX<I,n-R2X)**2  + (P0SY(I,l)-R2Y,**Jr  ^ 

2680  S=0.5*<L1*D+R2) 

2690  R*SQRT<  <<S-L1)*<S-D)*<S-R2))/S) 

2700  ALPHA*2 .*ATAN< R/< S-Ll ) ) 

2710  IF<I.GT.J)  G0  T0  10 

2720  BETA=ATAN<<R2Y-P0SY<I<  1 ) ) /< R2X -P0SX < I , l))> 

2730  GAMMA=B ETA- ALPHA 
2740  G0  T 0 50 

2750  10  1F<P0SY<I<D  »LE  «R2Y)  00  T02O 

2760  BETA*  ATAN<  < R2Y-P0SY< 1 < 1 ) ) /<  R2X- P0SX( I < 1 ) ) ) 

2770  GAMMA=BETA*ALPHA 
2780  G0  T 0 50 

I HI  20  BETA=AT  AN<  ABS<  < P0SY  < I * l)-R2Y)/<  R2X  -P0SX<  I < , , ) ) ) 

2800  GAMMA* ALPHA- BET A 

2810  50  P0SX<J< 1) *R2X+R2*C0S< GAMMA) 

2820  P0SY < J<  1 ) =R2Y ♦R2*SI N<  GAMMA) 

2830  1F<P0SY<J< 1)  .LT .H2Y)  CALL  FLAT<2<1<JJ 
2840  RETURN 
2850  END 

2860  SUBROUTINE  FR0TR<  N> 

2870  D0UBLE  PRECISION  P0SX<P0SY<DT 
2880  REAL  L 1 < L2  < M 

2890  COMMON  P0SX < 8 < - 1 / 1) , P0SY< 8 < - 1 / 1 ) , L 1 < L2< PT < 5, 6) , 

29204^) **2) ^ ^ POSX  <N*1< 1) -P0SX<  N-l< 1))**2+<PGSY<N+ 1 < 1) -p0SY<  N- 1 < 1) 

294S  i[p^pr/r<NM#,>_p0sA<N",',>)*GT*o*ooo,>  ™ ,o 

2950  G0  T 0 20 

2960  10  ALPHA* AT  AN<  < P0S  Y<  N*  1 < 1 ) -P0SY<  N- 1 < 1 ) ) / 

29704  <P0SX< N* 1 < 1 ) -PGSX< N- 1 < |) ) ) 

2980  20  BETA=AC0S< <0.5+D) /L 1 ) 

2990  GAMMA=ABS< ALPHA) -ABS< BETA) 

3000  P0SX  < N<  1 ) =P0SX<  N*  1 < I ) tL  1*C0S<  GAMMA) 

30 1 0 P0SY<  N< 1 ) =P0SY < N* 1 < I ) ♦L  1*SI  N< GAMMA) 

3020  RETURN 
3030  END 

3040  SUBROUTINE  FLAT<K<I<J) 

3050  DOUBLE  PRECISION  P0SA,P0SY<DT 
3060  REAL  L1<L2<M 

3070  COMMON  FOSX < 8< - 1 / 1 ) < P0S Y< 8 < - 1 / 1 ) , L 1 < L2< PT< 5< 6) < 

3100  IF<K.EQ.2)  P0SX<J,1)=H2 

3102  GAMMA*AC0S<  < P0SX< I < 1)-P0SX<J< 1))/L1) 

3104  P0SY<  J<  1 ) =P0SY<  1 < 1)-*L1*SIN<  GAMMA) 

3106  I F< I .GT.J)  RETURN 

3108  P0SY<  J<  1)  =Pt)SY < I < 1 ) -L  1*SI  N<  GAMMA) 

3120  RETURN 
3130  END 
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APPENDIX  B 


PITCH  EXPANDER  TIMING  RELATIONSHIP 


N4 

L 


T 

»i 


Angular  interval  between  horizontal  centerline  of  combining  conveyor 
sprocket  and  point  of  round  transfer  (degrees) 

A3  = Angular  interval  between  the  two  round  transfer  points  (degrees) 

L — Distance  between  the  centerlines  of  the  upper  and  lower  expander 
sprockets  (inches) 

N2  = Number  of  equivalent  carriers  existent  over  the  A2  angular  interval 
N3  = Number  of  carriers  existent  over  the  A angular  interval 


N'unber  of  magazine  carrier  elements  that  exist  between  the  upper 
and  lower  expander  sprockets 

Magazine  conveyor  round  pitch  (inches) 


Radial  distance  between  the  round  pitch  line  and  the  center  of 
rotation  of  the  combining  conveyor  sprocket  (inches) 

Radial  distance  between  the  round  pitch  line  at  the  handoff  and  the 
center  of  rotation  of  the  expander  sprocket  (inches) 

Angular  velocity  of  the  expander  sprocket  (radians/second) 

Angular  velocity  of  the  combining  conveyor  sprocket  (radians/second) 

GIVEN: 

= 1.875  inches 
R2  = 1.866  inches 
R^  = 2.488  inches 

= 78.539  radians/second 
- J 04. 720  radians /second 
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2 

PRi  NT 

5 

PR1  N'l  *'Pi  TCH  1 '* 

6 

2h  1 6 1 

10 

oEAD  K2*  K3*  0*  A 1 j A 2 

IVV 

i-K ,,i\b***  ••or'*  " 

200 

LEI  A3=<  A2-A  1 ) /20 

.100 

tun  L=a 1 |u  A 2 STEP  A3 

3 1 U 

Lhl  b 1 =L /( 2*( K2+K3+ .024) ) 

32  0 

LEI  b2  = i>UK<  1 -b  1*H  1 ) 

330 

LH  PI  =A1  Mb  l /b2> 

3/4  0 
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3b  0 

LK I A3  = 3.141by-Al 

360 

l-EI  N2 =A2*3/6 .20 3 lb 

3 70 

LEI  Aj3  = A3*4/6. 2031b 

3b  0 

Lhl  iv4=L/b 

370 

LEI  Nb  =i\2  ♦2  + 3 

bOO 

Lb  I E 1 = i\b“l\4 

b2b 

LET  Ol  =E  1 -I  MC  E 1 ) 

bbO 

It-  AbbC  L)  1 > < = .0001  THEN 

bVO 

bh  i M i\4  * Nb  * 01*  L 
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6VV 
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yoo 
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PITCH  1 
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4 .n  /ib  0 6 
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4 . 0 4 b b 
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APPENDIX  C 


I 


] 

I 


COMBINER  MECHANISM  CAM  TRACK  PROFILE 


T\if  Py°g^am  was  f ormulated  to  determine  a cam  track  profile  that  would  be 
suitable  for  use  in  the  combiner  mechanism.  Definition  of  this  profile  was 
based  upon  the  following  design  requirements: 


(a)  Each  round  carrier  shall  undergo  a transverse  movement  of  5.734 
inches  in  13.40  inches  of  conveyor  belt  travel. 

(b)  Cam  angles  between  the  carrier  cam  followers  and  its  track  shall 
be  limited  to  a maximum  of  30  . 

(c)  The  profile  shall  be  configured  so  as  to  minimize  round  carrier 
accelerations. 


Based  upon  previous  calculations,  it  was  established  that  an  optimum 
solution  was  achieved  when  the  program  utilized  the  following  design 


(a)  From  0.00  to  3.237  inches  the  shape  of  the  cam  path  is  derived 

rom  an  acceleration  function  which  is  equivalent  to  (1-C0S  ) 

(b)  From  3.237  too10.1G3  inches  the  cam  path  is  a linear  function  with 
a slope  of  30  . 

(c)  From  10.163  to  13.400  inches,  once  again  the  path  is  derived  from 
the  acceleration  function  ^ (1-C0S (2K2L) ) 


Since  the  derived  profile  is  symmetrical  about  the  midway  point  of  its 
longitudinal  travel,  the  program  has  only  computed  the  first  half  of  the 
curve  and  its  associated  velocities  and  accelerations.  The  inputs  to  the 
computer  program  are  the  following: 


K1  A derived  constant  which  influences  the  magnitude  of  acceleration. 

K2  - A derived  constant  which  influences  the  interval  in  which 
acceleration  occurs. 

N1  = Carrier  transport  rate  (shots /minute) 

PI  = Round  carrier  pitch  (inches) 
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148 
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182 
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255 
260 
270 
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273 

274 
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279 

280 

28  5 
286 
287 
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310 
320 
330 
340 
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375 
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420 
430 
435 
440 
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502 
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Uj  K 1 * K2 


LET 

LET 

LET 

LET 

LET 

LET 

LET 

LET 


HR  I NT 

RKI  NT"CAI*rtJ2" 

RKI  NT 

head  hi#  ni# 

LET  V0  = 0 

V 1 =H 1 *N 1 /60 
T 1 = LI /VI 
L = 0 
S = 0 
A 1 =0 
T = 0 
N=  1 
K5=l 

HKI NT-TIME"#  ”01  SI  L”,  "ACCEL 
RKINT"SEC"#  "IN"#  "IN/SEC2"#  ' 
HKi NT "HEAK  ACCEL" 

RKI NT"I N/SEC2-S" 

IF  L > = 3 .23  72  THEN  180 
LET  A3=  Kl*< 1-C0S<2*K2*L> ) 

00  Tfc)  250 
LET  A3  =0 
K5=2 

A2=(A3  + Al)/2 
A8=A2 

V2=  V0+A2+T 1 

S*(<V0+V2)*Tl)/2 
<V0+V2)*Tl/2 
THEN  275 
THEN  287 
LET  X1=(A3-A1)/ABS< A3-A1) 

IF  X 1 »=0  THEN  285 
LET  A 7 =A 1 
00  TO  300 
LET  A 7 =A3 

oo  to  300 
LET  A7=0 
LET  V0=V2 
LET  A 1 =A3 
5=  SI 
T = T*  T 1 
N=  N*  1 
L = L+L 1 

L>  = 6.7  THEN  430 
N>=  5 THEN  430 
TO  150 
SUB  500 

L>=6 • 7 THEN  900 
TO  150 

HKI NT  T#  L#  A8# 

HRINT  A 7 
LET  N= 1 
RETURN 

DATA  2.0#  6000# 

END 


S' 


•VEL 


I N/SEC" 


S"# 

"IN' 


'DIST  S" 


LET 
LET 
LET 
LET 
LET  S 1 = 
LET  S5  = 
IF  K5  = l 
IF  A 1=0 


LET 

LET 

LET 

LET 

IF 

IF 

00 

00 

IF 

00 


VO4 


• 05#  7040*5995#  .9704 


65 


f 


i 


CAMC2 


p i 

I 

■ ] 


, 

t 


I 


TIME 

DIST  L 

ACCEL  5 

S/EL  5 

D1S1  5 

SEC  IN 

HEAK  ACCEL 
IN/SEC2-S 

FLOAT I N(i  UIWDE  CHECK 

I N/5EC2 
Eh  UK  LINE  2 75 

i N/SEC 

1 N 

0.001 
296  .247 

0.2 

2 14  .2  15 

7.8  3 5 78  E -? 

1 .70308  E-5 

0.002 
1 S62  .84 

0.4 

1361  .45 

0.934854 

4.24497  E-4 

0.003 

3644.44 

0.6 

3353 .66 

3.48  546 

2.47572  E-3 

0.004 
6231 .34 

0.8 

5894.43 

8 .3982 1 

8.21107  E-3 

0.00b 

8938.65 

1 

8605 .74 

1 5 .989  7 

2.01931  E-2 

0.006 
1 1363  .6 

1 .2 

1 108  4 .2 

2 6. 1 78 

4.10872  E-2 

0.007 

13145.3 

1 .4 

1296  1 

38 .4947 

7.32841  E-2 

0.008 

14018.7 

1 .6 

13956 .9 

52 • 1549 

0.1  18541 

0.009 
13993  .8 

1 .8 

13923  .8 

66. 1 736 

0. 177718 

0.01 

13057.8 

2 

12866 .6 

79 .5126 

0.250653 

0.01  1 

1 1226.6 

2.2 

109  42  .5 

9 1 .2348 

0.336185 

0.012 

8772.57 

2.4 

8437.9 

100  .644 

0.432324 

0.013 

6060.84 

2.6 

5725  .39 

107.387 

0.536551 

0.014 

3494.89 

2 .8 

3208  .57 

111. 508 

0.646192 

0.015 

1456.49 

3 

126  1 .89 

1 13.443 

0 . 7588  13 

0*016 

248.924 

3.2 

175.008 

1 13  .95 

0.872584 

0.01  7 
0 

3 .4 

0 

113.967 

0.986549 

0.018 

0 

3.6 

0 

1 13.967 

1 . 10052 

0*019 

0 

3 .8 

0 

1 13.967 

1 .21448 

0.02 

0 

4 

0 

1 13.967 

1 .32845 

0*021 

0 

4.2 

0 

1 13.967 

1 .44242 

0.022 

0 

4.4 

0 

1 13.967 

1 .55638 

0*023 

0 

4.6 

0 

1 13.967 

1 .67035 

0.024 

0 

4.8 

0 

66 

113.967 

1 .78  432 

Tfe 


0.02b 

o 

5 

0 

1 13.967 

1 .8982b 

0 .026 
0 

b .2 

0 

1 13  .9  6 / 

2.01225 

0 .02  7 
0 

b . 4 

0 

1 13.967 

2 . 12622 

0.02b 

0 

b .6 

0 

1 13.967 

2 .24019 

0.029 

0 

b .b 

0 

1 13  .967 

2.3541b 

0 .03 
0 

6 

0 

1 13.967 

2.46812 

0 .031 
0 

6*2 

0 

1 1 3 .967 

2 .58209 

0 .032 
Q 

6.4 

60 

1 13  .967 

2.69605 

0.033 

0 

6*6 

0 

1 13.967 

2.8 1002 

0.033b 

0 

6.7 

0 

1 13.967 

2 .867 
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APPENDIX  D 


POWER  ANALYSIS 


1.  TYPICAL  HORSEPOWER  CALCULATION  FOR  STRAIGHT  CONVEYOR  SECTION 
(AMMUNITION  ON  BOTTOM  SIDE  OF  CONVEYOR) 


Round  Balance 


zfh  = 0 


P'R< 


W'R 


P2  + ^R1  = R2  COS  ® + M ' Rj  sin  0 = 


ZF  = 0 
v 


link  balance 


Where  V, 


velocity  in  inches/second 


HP /Link 


typical  sprocket  handoff  power  calculation 


Where:  W is  the  sprocket  rotational  speed  in  radians /second 

Rcg  ls  the  radius  to  the  round  center  of  gravity  in  inches 

Wr  is  the  weight  of  a round  in  lb  and  g = 386  inches /second2 

W - 1500  x 2tt  « 157.08  radians /second 
60 

Rcg  = 1.5  inches 
Wr  = 0.992  lb. 


Fc  = (157.08)  x 1.5  x .992  = 95  lb. 

386 

Drive  Torque/Round  = T 

s 

T = pR  F 
s g c 

Where:  Rg  is  the  radius  of  the  guide 

P is  the  coefficient  of  friction  between  the  round  and  guide  R = 2 32  u 

g 


.3 


= *3  x 2.32  x 95  = 66,12  in- lb/round 
HP/RD  = T x RPM/63000 


HP/RD  = 66.12  x 1500. / 6 3000  = 1.57  HP/RD  in  a four-cavity  sprocket 


£ 


STEADY 
STATE  HP 


3«  MAGAZINE  POWER  REQUIREMENTS 

ammunition  and  conveyor 

• FOLDED  ROUNDS  (243) 

• UNFOLDED  ROUNDS  (30) 

• ROUNDS  ON  SPROCKETS  (36) 

• ROUNDS  IN  SPROCKET 
TRANSITION  AREA  (14) 

CHAIN  AND  PUSH  RODS 

TOTAL  MAGAZINE  POWER 


4-  FITCH  EXPANDER/COMBINING  UNIT  POWER  REQUIREMENTS 


HP  TO 

ACCELERATION 


PEAK  HP 


0.63 

0.65 

1.28 

0.97 

1.27 

2.24 

4.96 

0.93 

5.89 

1.17 

2.09 

3.26 

0.04 

0.08 

0.12 

7.77 

5.02 

12.79 

STEADY 

HP  TO 

STATE  HP 

ACCELERATION 

PEAK  HP 

PITCH  EXPANDER 

• START  UP 

0.14 

0.14 

• FRICTION  ON  CAMS  AND  GUIDES 

1.98 

- 

1.98 

• ROUND  PITCH  EXPANSION 

0.86 

- 

0.86 

TOTAL  - PITCH  EXPANDER 

2.84 

0.14 

2.98 

COMBINING  UNIT 

• START-UP 

1.38 

1.38 

• ROUND  COMBINING 

AND  CASE  SPLITTING 

0.70 

- 

0.70 

• FRICTION  ON  GUIDES 

0.10 

- 

0.10 

• HANDOFF  TO  (FROM) 

• 

WEAPON  INTERFACE  UNIT 

0.94 

- 

0.94 

TOTAL  COMBINING  UNIT 

1.74 

1.38 

3.12 

TOTAL  PITCH  EXPANDER/ 

COMBINING  UNIT 

4.58 

1.52 

6.1o 

71 

im 

T 

4 


STRAIGHT  CONVEYOR  SECTION 
DRAG  AND  START-UP 

0.20 

1.10 

1.30 

SPROCKET  AND  ROUND 
START-UP 

- 

0.45 

0.45 

ROUND  AND  CASE  HANDOFFS 

9.80 

- 

9.80 

TOTAL  WEAPON  INTERFACE  UNIT 

10.00 

1.55 

11.55 

. * 
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